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PREFACE 



The Proceedings of this Seminar form the third of a series of papers which 
we are publishing at irregular intervals to report on research work by members 
of the Library staff (see inside back cover). 

From January 1967 until June 1969 a research programme was supported by 
the Office for Scientific and Technical Information; it has now become part of 
the Library's normal activities. The aim of this work is to see how far it is 
possible to carry out mathematical modelling of the operation of an academic 
library and its interactions with users, in order that managerial decisions may 
be made on a rational rather than on an intuitional basis. The research team 
comprised Mr., Michael K. Buckland. -Dr. Anthony HineUe and Mr. Ian Woodbura. 
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FOREWORD 



For the past two or three years work has been proceeding within the 
Universities of Durham and Lancaster and elsewhere to identify and describe in 
quantitative terms various factors which affect the operation of libraries of all 
types, but principally within the university sphere. OSTI, which has provided 
financial support for many of these programmes, has organised regular meetings 
under the generic title of Operational Studies Seminars, and these have been well- 
attended and profitable to those taking part. 

Nevertheless this was a closed and informal group: no formal records were 
ever published, and its discussions, being of the nature of progress reports, would 
not in any case have been particularly valuable to outsiders. The research team 
at Lancaster felt that the termination of its OSTI support in June 1969 afforded a 
suitable occasion for a wider discussion of this type of work, and its first inde- 
pendent activity was to organise a Seminar on Planning Library Services, with 
special emphasis on quantitative methods, A distinguished team of speakers was 
enlisted, an d those taking part spent more than two days in discussing in some 
depth various aspects of the problem. 

Proceedings were again Informal: preprints were circulated by most of the 
speakers, who could then concentrate on highlighting specific points. This policy 
paid dividends, and the quality (and quantity) of the discussions was extremely high. 

We have not attempted to reproduce discussions in extenso ; and to keep pro- 
duction costs to a minimum we include in this volume the preprints exactly as 
submitted by the authors, with only four exceptions: Messrs. Brookes, Hindle, 
Leijmkuhler and Vickery - for varying reasons - have revised their contributions 
for publication. All opinions quoted are those of the speakers and do not necessarily 
represent the views of the organisations to which they belong. 



My t han ks are due to all those who gave papers and took part in the discussions; 
to Mr. M. K. Buckland, who acted as Seminar Secretary and carried out all the 
complicated logistic exercises which made the occasion run smoothly; and to Mr, 

I. M. St uar t, who undertook the difficult task of reducing to a manageable form the 
many hours of spirited discussion. 



A. Graham Mackenzie 
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TOE LIBRARY /INFORMATION S ERVICE IN AN INDUSTRIAL 
RESEARCH ESTABLISHMENT: PLANNING AND PROSPECTS 



H. F, Dammers 



1. INTRODUCTION 

The increasing pace of change in our environment makes it ever more important to 
rationalise the manner in which we are trying to adapt the functions and operations of our 
organisations to changing demands. This planning activity is particularly important in 
an industrial research environment, which tends to be subject to changes in science and 
technology, as well as in commercial objectives. Such changes are likely to have an im- 
portant bearing on the function and capabilities of the library /information service con- 
earned* 

Whereas for a university library the main problem might be stated as - how does 
on operate a given large system efficiently and adaptively?, in our case it appears to be - 
how does one develop system(s) that will meet demands in a rapdily changing environment? 

The present paper attempts to discuss some of the problems associated with this 
type of exercise and this on the basis of experience gained in the development of an in- 
formation service at the Shell Research Laboratories in Sittingboume, Kent. The 
situation at Sittingbourne is perhaps of particular interest in that during the past 6-7 years 
the responsibibty for developing and operating the information, as well as computer * 
facilities rested with one and the same group (Technical Information Services); this has 
led to a far greater degree of integration than is likely to be found in nearly any other 
organisation. It has obviously influenced very strongly the philosophy of approach. 

Many of the ideas in this area are still very fluid and may change with time. 

OUTLINE OF DEVELOPMENT AT SITTINGBOURNE 

In order to put our discussion in perspective, it may be useful to outline briefly the 
major developments relating to library/information services at Sittingbourne. 

The formation of our library /information service dates back to 1955/56 when the 
with°fr « a ^ reSear i Ch a< \ Wvities of companies of the Royal Dutch /Shell Group concerned 
STJfn C f. Pr .° d r^ USed ln agriCukure and P ublic health were brought together in 
in 1959 this H ^° odstock Agricultural Research Centre, at SittingboSrne ; 

m 1959 this was followed by the establishment of the neighbouring Tunstall Laboratory 

— e ° r the Stl ?* / ° f envircm mental health aspects of Shell products. In 1963 TOie 
the she A^ thfn 17 of Chemical Enzymplogy was added to the research institutions ’on 
ortnrZ; H name implies, this Laboratory was concerned with biochemistry- 

oriented basic research, dealing in particular with the study of natural products and 
micro-organisms. Although the creation of these establishments represents perhaps the 

fee's ^c^? 1011 " 1 ^ ° n the Slte ' lt is & °nly significant" one? P as 
research object ives m various areas are continually subject to modification. 

? P— ious paper(l), an outline has been given of our actual and expected dev- 

waTtet? a 8 ,'f gard5 ^ echamsati <m of our centralised information services. This, it 
was felt, could conveniently be presented as a series of development phases of 2 yelrs 
each, covering the period 1962 - 1972 .. “ years 
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For the purpose of the present discussion, it appears more useful to use a break- 
down according to the dominant type of information staff activity. This leads us to, 
distinguish 3 stages of roughly 6-7 years each which may be briefly indicated as follows: 

1955-61 - A period during which the main emphasis was placed on building up of ade- 
quate library facilities; the type of staff activity concerned was predominantly 
that of a technical librarian. 



1961-67 - During this period the dominant role was that of the information specialists; 

coding, storage and retrieval of a variety of research data, the application 
of computer facilities for this purpose, and literature information searches 
were some of the major preoccupations. 

1967-73?- This period starts with the availability on site of on-line computer facilities, 
allowing a much more efficient and intensive use of such facilities, and with 
the application of computer operated SDI systems. The emphasis appears 
to be more and more on the design and implementation of computer operated 
storage and retrieval systems adapted to specific site requirements. The 
dominant type of staff activity is perhaps that of the information teehnoioglst(i), 

3. STAGE 1 (1955-61) - DEVELOPMENT OF LIBRARY FACILITIES 

The main emphasis during this period was on the creation of proper library facilities, 
i, e, the provision of an adequate book collection, journal holdings and subject filing 
system, 

A rather crucial point on which guidance was needed was how big the collection should 
be for the organisation served. Various routes were attempted in an effort to find an 
answer to this. 



a) 



b) 



Plotting of the holdings of ca 30 industrial and scientific libraries, considered to be 
relevant to our case, provided a graph, presented in Figure 1(2). It relates the 
number of periodicals received with the total number of volumes held (books and 
bound periodicals). This graph provided us, inter alia , with a means of assessing 
whether the number of periodicals received was realistic in relation to the size of the 
library. 

Another approach is to take data such as those published by Boume(3) concerning the 
distribution of scientific and technical literature according to subject field and use 
this to relate the size of the library to those in other subject fields, 

A third approach attempts to take into account the’ number of potential users. As a 
rule, one tends to find that the relation between the number of potential users and 
the size of the literature collection is not a simple linear one. 

It has been suggested earlier(2) that the library, looked upon as the intermediary 
between the relevant world literature and the information already held by the users 
collectively , might perhaps, ' as regards size, approximate their geometric mean. 
(Figure 2) (Using the approach, it is difficult to see how the average British university 
library could justify a library of more than 200, 000 volumes - a view that is reinforced 
by cost effectiveness considerations) 
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Figure 2 



Library holdings In relation to t he total 
" nf relevant literature world wide 



If the site library is viewed as an intermediary between 
the relevant world literature and information already held by 
the users on site collectively, it seems reasonable to suppose 
that the following relationship might have some validity: 
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The relation suggests that the s'pecial library only grows 
according to the square root of the corresponding ^ 

relevant world literature ; it also seems to prediot with some 
measure of success the relative size of special libraries* 
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The various routes indicated are very dissimilar; hence if they all point to a similar 
result, one tends to accept the outcome with some confidence. In our case, they all 
appeared to be consistent with a library size of around 20, 000 volumes, which at the time 
appeared to be a quite acceptable estimate. 

Another aspect during this phase that needs mentioning is subject filing. With the 
very limited staff available at the time, it was necessary to use a system for storage 
and retrieval of papers /documents of particular interest that would combine low labour 
effort in operation and maintenance with ease of adaptation and lack of 'predictive con- 
straints'. This was the 'lattice index system' which has been briefly described in an 
earlier paper(4). It did indeed match the requirements it was designed to meet, i, e, 
it provided an effective subject filing system coupled with a highly adaptive indexing system 
that could follow changing research interests readily. The system is still in use although 
a major portion of its function has now been taken over by our computer operated systems. 
The system itself is now gradually being transferred into machine -readable form in order 
to make its relational information available for computer work on dictionary look-ups, 
associative searching etc. The lattice index made us aware of the cost of indexing systems. 
Even though this one, as far as subject filing /indexing systems go, was a relatively low 
cost one, it may well have absorbed at least £10, 000 in labour effort and materials by the 
time it had grown to a system containing ca 12, 000 files with the associated index. 

This may sound substantial but is very modest when compared with various more 
elaborate indexing systems used in scientific laboratories, which may have cost £50, 000 
or more, not to mention die basic indexing systems used in university libraries, the 
catalogues, which may represent an investment in labour and materials of £250, 000 - 
£500, 000. The awareness of the heavy investment in manual indexing systems, coupled 
with the difficulty of implementing modifications once they have grown to a substantial 
size, has led us to avoid developments in which such systems might have to play a major 
role. 

4. STAGE 2 (1961-67) - MAIN EMPHASIS ON RESEARCH DATA HANDLING 

This stage might perhaps be described as one in which the Information specialists, 
as defined by Dolan(5), played a major role, i, e. most developments were those one 
might consider to be associated with this type of staff. 

This arose first of all from the fact that far greater emphasis was placed on the 
handling of research data. During Stage 1, this had been dealt with by means of edge - 
punched card systems and later also by systems such as those described by Fletcher 
and Dubbs(6) using Kardex display systems, but by the early 1960's it became evident 
that a comprehensive system for our research data was required, and that only computer 
processing would offer hope of coping with the rapidly growing collection of data in a 
flexible and adaptive manner. 

It was also clear that the comprehensive system needed to be developed centrally, 
i. e. not as a specific responsibility of one of the user groups conce rned. Hence this 
task was undertaken by the Technical Information Services. It gave rise to a computer 
operated system for chemical structure storage and retrieval covering ca 50, 000 organic 
compounds; this system makes use of structure input in the form of IUPAC notation and 
on paper tape as produced by a chemical structure typewriter (7) . It has already been 
dealt with at some length in earlier papers (8, 9) , hence it needs no elaboration here. 

In addition, computer operated systems to deal with around 2 million biological test 
O esults obtained on these chemicals were developed; recording in this case has thus far 
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been mainly on punched cards in fixed field format in order to allow handling as visual 
record, processing by punched card sorter and by computer(4, 10). 

Activities such as these provided a challenging task area and training ground for our 
Information specialists. 

Moreover, in the first half of this stage there appeared to be a significant demand 
for information specialist type of activities such as literature searches and surveys, 
current aw ar eness work in line with the then accepted function of the information specialist 
as a mediator between the body of scientific literature and the research worker. Dolan’s 
definition(5) of the information specialists as being "those trained in a substantive technical 
field who have, in addition, some breadth of technical knowledge of the technical literature" 
appeared very appropriate to our case. 

During Stage 2 we placed in fact considerable emphasis on the information specialist 
type of activity ?nd the activities concerned did correspond quite well with those indicated 
in Figure 3, taken from Dolan's paper (5), 

However, full implementation of the information specialist function to cover the 
main areas of research activities in our laboratories proved increasingly difficult to 
justify. The main reservations can perhaps be outlined as follows: 

a) Various assessments suggested that really effective use of the information specialist 
approach in our case might require the number of staff of this type to be at least 5% 
of the number of research staff served. It was clear that it would be very difficult to 
justify exp an sion, of our budget accordingly, partly because it is virtually impossible 
to demonstrate the economic merits of such an expansion. 

b) The quandary mentioned above is not made easier by the fact that, particularly in 
research, there is reason to doubt the merits of using an intermediary such as the 
information specialist in the information transfer process. This doubt appears to 
get some support from research such as that by Barhydt(ll) which tends to indicate 
that the only reliable judge as regards the relevance of literature to a specific user 
requirement is the user himself, 

c) Associated with this is the difficulty, pointed out in an earlier paper(2), of selecting 
in a current awareness service the papers considered to be of interest to particular 
groups of research workers. Selecting the 2, 000 - 3, 000 per annum obvious ones 
is relatively easy, but this is unlikely to satisfy those who axe concerned with the 
more exploratory mid innovating aspects of research work. Information from fringe 

territories is often of particular value in innovation and, in connection with this, it 

is of interest to consider the volume of literature at various possible levels of relevance 
depicted in Figure 4 and to ask oneself what level one should aim at when selecting 
literature for current awareness. 

Considerations such as the above brought us to move towards systems which would 
enable the research worker to do the selection of relevant literature himself whilst re- 
lieving him from most of the drudgery associated with such a task. This was to be 
achieved by implementing a computer operated SDI system, whereby the user himself 
would be responsible for adjusting his search profile according to his requirement. 




Work relationship between science librarian/ technical 
Information specialist/information scientist 
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Acc. to Dolan, Int. J. Man. Machine Studies, 1, 39-50 (1969) 
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Systems of this type have been operated by us since early 1967(2, 12), using CT 
and CBAC tapes received from Chemical Abstracts Service, Since the beginning of 1969, : 
we have been operating such a service very successfully on basis of CA Condensates 
tapes, which are searched on our computer at Sittingbourne(10, 13) „ 

The above case illustrates our tendency during the latter part of Stage 2 to move 
away from our use of information specialists as intermediaries between the body of 
recorded information and the user; instead they have tended to become responsible for 
developing systems which would allow the user himself to interact direct with the body 
of information he needs to consult. Hence in a way we were tending to go back to the 
situation where the scholar himself searches in the library material for the information 
he needs. 
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STAGE 3 (1967-73?) - DOMINANCE OF THE INFORMATION TECHNOLOGIST 

The trend already apparent during the last part of the previous stage is expected to 
become more dominant in Stage 3, h c* the emphasis will be on the development of 
systems providing the user with better direct access to the information he requires. 

Such systems tend to be computer -oriented and hence depend for their development and 
operation significantly on ready access to computer facilities. It is therefore not 
surprising that this development really gained momentum only when we got direct access j 
to computers early in 1967 via a Univac 1004 operating on-line to a Univac 1108, and i 
during the second half of 1968 via a Univac 9300 again linked witha Univac 1108, 



There are in our case already a number of information search and consultation f 
activities where we are gradually progressing towards a more direct user /system inter -t 
action* As examples we might mention: f 

Chemical structure search - Search procedure are being simplified to such an extent thalj 
before long die user will be able personally to initiate computer searches for specific \ 
structures and substructures in our compound files, j 

With regard to output, we are moving towards a situation whereby the user will be | 
provided not just with a list of compound numbers matching his enquiry but also structure 
formulae, ] 



Property data searches - Here the user will be able to ask for tabulations; for searches j 
according to specific property patterns* As a further aid to interactive use of the eompul 
held files, we hope to be able to make a start next year with providing suitable visual | 
display facilities, | 



Literature information handling - Our SDI operations, based on the use of Chemical J 
Abstracts magnetic trpe files, already involve the majority of research workers on our I 
site; ca 2, 000 references per week being selected via the 150 profiles used at present | 
to cover the various research interests. This system will be extended to include other | 
biology -oriented data bases* The research worker can control the operation via the for rr; 
lation and modification of his profiles and by indicating Ms assessment of the references 
selected. He is also being provided with the means of retaining selected and relevant 
references on a user tape file; access to this will be at first indirect, e. g # via a KWIG 
index; it is envisaged that at a later stage direct access will be provided, e* g. via a 
teletype. 
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Figure 4 

Volumes of literature at various levels of relevance 
to research at Sittingbourne 



References/armum 



1. 

i 

i 

i 

l 


Literature references relating 
to specialist field 


300 


700 


j 2. 

{ 


Pesticides literature - highly 
relevant 


2,000 


3,000 


r 

l 3* 


Pesticides literature - more general 


10,000 


15,000 


! 4 * 

i 

i 


Pesticides Doc, Bulletin or Ringdoc, 


30,000 


50,000 


5. 

} 


Bibl, of Agrieult, or Chem. Titles etc 


100,000 


- 150,000 


| 6. 

| 


All relevant fields (chem. and biol. ) 


300,000 


- 500,000 


; 7* 


All scientific and technical literature 


1-2 million 



It is of interest to note that a surprisingly large 
proportion of systems appear to be working at level 
2, whatever the field- suggesting that the level of 
selection tends to be subject-independent. 
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In addition, various other information and data files, relevant to specific users 
only, are being created in cooperation with the users and in other cases by the users 
themselves, with responsibility for maintenance and use vested in the user. 
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The information expert required for this type of development would appear to be 
the information technologist rather than the information scientist. In this we are 
following the definition given by Taylor(l4) of information technology as being concerned 
with the development, design, and operation of information systems, whereas Information 
science is concerned with the basic sciences underlying information system development. 

It would seem obvious that the information expert working in an operational environment 
such as an information service is more likely to function according to the former 
definition than to the latter. 

The move towards direct user /system interaction poses demands as regards hard- ; 
ware and software which as yet are difficult to meet. It means the 'need for various 
direct access points (terminals) and this again generates the demand for processing and 
storage equipment capable of supporting the terminals in a flexible and efficient maimer, * 
The task of plotting an economically and operationally acceptable route for progress along! 
these lines is a demanding one, 

r 

Such development also means that one can no longer ignore the integrated systems ) 
approach, i. e. in order to gain full advantage as regards economy and flexibility, one 1 

has to link related systems so that the costs of operations common to more than one ! 

subsystem can be spread over the system as a whole. This approach also makes it pos^ 
slble to incorporate greater flexibility and to provide more user options than is often i 
feasible with separate systems. Such an approach, however, is as yet little explored 
and perhaps rather hazardous to implement. | 

Another trend which may well become more apparent during the next few years J 

is that of the decline in coverage of the relevant literature which can be made available f 

in one's own library as a result partly of the financial inability of libraries to keep up 
with the expansion of the world literature, and partly of the increased demand for curr 
literature created by SDI services* This phenomenon has been discussed in an earlier 
paper( 2 ); it may be of interest to illustrate it here with one of the tabulations given in 
that paper in 1967. (Figure 5 ) 

The expectation, reflected in the table, was that our SDI service would stimulate 
interest in a wider range of literature sources and that the growth of our own site .3 

library would not be able to keep pace with this. As a result, borrowing from outside I 

sources would increase strongly. The expected growth of outside borrowing given | 

in the table actually corresponds with an increase of 50% per annum. The implementation! 
of the SDI system using CA Condensates tapes on our site computer has led to a rather j 
more rapid growth of this system than indicated in the figure; ca 150 profiles are now j 

(mid-1969) being run. Analysis of the output suggests that the number of papers relevant j 

to research at Sittingbourne is indeed of the order of 40, 000 per annum, but perhaps only 
50% of these are considered significant. Borrowing from outside sources has increased 
by 50% comparing the first half of 1969 with the first half of 1968, In connection with 
this, it is of interest to note in Dr. Urquhart's paper that the National Lending Library 
has recently been experiencing an increase of ca 20 % per annum in demands for loans* 
Although we will need to await the results of at least another year before we can confirm 
the trend with some confidence, it would appear that the results obtained so far are not 
inconsistent with the expectation expressed earlier, i # e # that the need for borrowing will 
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Figure 5 



Estimate of literature relevant and borrowed 
at Shell Research, Sittingbourne 



Relevant papers in 
} literature received 



Relevant papers in 
r literature not received 

1 on site 



1972 

ca 15,000 ea 16,000 



ca 10,000 



ca 24,000 



1 ) 



Total 



ea 25,000 ea 40,000 



Relevant papers borrowed 



ca 5,000 oa 24,000 



l.e. 6 papers per 'profile* per week if 
75 profiles are used in searching the 
literature tapes 
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continue to expand considerably and that therefore longer-term there ought to be a case 
for a national network allowing libraries to have direct access to large depositories of 
literature such as the National Lending Library. 1 

This approach would envisage requests being sent via the computer network and the 
paper required to be transmitted for printing out on-site via a suitable on-line printing , 
device. 

The 1967 paper discusses in some detail the technical and operational feasibility 
of this approach. Developments since then have not given cause to change the view 
stated then that such an approach might well become viable during the first half of the 
1970's, 

In addition, we are likely to witness direct data transmission, e, g. between 
laboratories, replacing at least in part the present procedures based on transport of 
printed matter. 

Trends such as those outlined above all appear to point to a decline of a variety ‘ 

of conventional information handling and transfer functions. 

j 

6. SOME OBSERVATIONS ON LONG TERM TRENDS j 

It may be obvious from the above that our situation with its very close link between * 
information and computer services is as yet rather exceptional; furthermore, it is | 

quite clear that one or two years of development along the lines indicated will be needed J 

before one can confirm with some confidence the various trends postulated. Neverthe- J 
less, with these provisos in mind, one may perhaps be allowed to restate the overall trenc 
which suggests itself on the basis of our experience, j 

It is that the information service will tend to become more and more a subsystem of | 
the computer facilities serving the organisation concerned; at the same time, the res- j 
ponsibility for the actual operational use of information systems will more and more pass 1 

into the hands of the users themselves. 1 

| 

Again to Illustrate this we may perhaps use one of the figures given in an earlier | 

paper (1), This figure (Figure 6) did illustrate the total staff effort concerned with I 

centralised information storage and retrieval and dissemination (ISRD) activities at J 

Sittingbourne expressed as a percentage of the total staff on site for the years 1962-72. | 

1 

During the 2 years since 1967, the relative decline in staff effort has been much % 
faster than foreseen in Figure 6; this decline is associated with a much more intensive | 
use of computer facilities made possible by the provision, since May 1967, of direct | 

access to computer facilities at Sittingbourne. | 

I 

The decline is accompanied by a move of some of i£ie staff towards more general 
systems work on computer applications. The way things are developing in our case } 

suggests that this decline is going to continue, if not: at the same rate as experienced in 
the period 1967-69. i 
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It is very hazardous to predict longer-term trends in our rapidly changing environme> 
Nevertheless, our experience so far appears to point at the possibility that in our case the 
centralised ISRD facilities may perhaps gradually disappear as a separate operational 
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2£M£b estimat* 0 f t.ho , 



Library/information services 
Computer services 



Annual 

Expen diture 

* £ lo 6 



ca loo 
ea 200 



Total investment 
noldinqs / eQ uip mg .r,+ 

x £ 10^ 

300 - 400 
200 - 300 



Li brary/inf ormat i on 

Computer services 
(operation and usage) 



services 



oa 150 1 ) 
ea 800^ 



400 - 5oo 2) 



10 ) 0 ^ 



1) 

a) 

3) 

4) 



Increase by 6 % 



3 - k% 
4-5* 






20 '** ( "? umln « P««nt 

rate continues) 
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entity during the next decade. The user would feed his data /information in direct and 
consult the stored information direct; a central information service would no longer 
be operationally involved in this process. The task of the information expert would 
primarily be concerned with information system design and development matters and 
no longer with operation. 

Whether such a development is likely might, in part, be judged from the projected 
manpower, and capital resources devoted to library /information work on the one hand, 
and computer activities on the other, (see Figure 7) 

Perhaps we may also see the gradual decline of medium -sized specialist libraries 
such as ours, although this would depend on the inherently slow development towards 
effective large regional and national data and information centres as part of a national 
network. The future task of the information expert remains a very considerable one; 
however, it will be very different from the one he has conventionally been associated 
with. 
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OH INFORMATION STORAGE MODELS 



* 






F. F. Lelmkuhler 
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Information storage theory is not a well-defined area of research in the 
formal sense and one is still free to make of it what he wants. My own 
viewpoint is that of an industrial engineer and operations researcher who 
has been seeking ways to develop mathematical models for the analysis and 
design of library- type information storage systems. The word "storage" can 
evoke some bad vibrations in library circles where it is associated with the 
least respectable aspects of librarianship, but I choose to use the word in 
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a broad. and inclusive sense* While it may be more meaningful to define 
libraries as communications systems which transfer information through time 
and space, such transfers are accompanied by significant delays which give 
rise to meaningful storage problems * The study of libraries from the storage 
viewpoint can identify some crucial aspects of information systems which are 
often overlooked or ignored when the focus is on communication* 

> ”7 

Although I have been working at storage models for several years and 
have advocated its practical importance to libraries, I am quite aware that 
it is not an easy matter to translate theory into practice. It has been 
my experience that, action follows from need, but that better action can 
result if some good theory is available to help diagnose the need and to 
guide the remedial efforts* Our present;, theory is quite rudimentary from 
a research viewpoint and has a good way to, go before it. reaches the sophisticated 
state of, say, modern inventory theory, but the beginnings are there and 
there is good premise of a rich harvest.: 

It seems a bit ironic to me that the first important exploitations of 
this new study of library systems and the best guarantee of its continued 
support are probably going to come from outside the library proper. It is 
in the design of automated special purpose information systems that one has 
the greatest freedom to make innovations; and the .-greatest pressure to apply 
a uniform economic and technical yardstick to every facet of the system. 
Conventional libraries are already mature J technological systems in their 
own right. They are predicated on an earlier piece of mechanical wizardry -- 
the printed book and a well- developed clerical work system to support its 
exploit at i on . Within these bounds most ;of the waste has been trimmed away 
in the long lean years of experience* As with a magnificent old clock, one 
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dcp.t tamper With it. If you want to keep it running you will have t „ f itld 
parts =ade to the original specifications. 

' Sti11 ' 1 find “ *»•*«■ *. pursue the study of information 

storage systems in the contort of conventual libraries . They offer a rich 

ource of experimental data, and a wealth of ingenuity in an operational 

ting. As a going system, it is a good place to test the validity of 

one*? models. Furthermore, there are plenty of indications that some radical 

chanps in library operations, are going to have to occur in the not too distant 
future . 



Space Models 

A good first example of the nature ihd implications of storage theory 
is the book shelving model which was developed at Purdue several years ago 
(1, 2). The model assigns a given collection of books to a set of shelves 
With those lengths and heights which will minimise the shelf area retire! 

Ct appllCatlon ot thls model to some representative library collections 
has indicated that relatively efficient storage ckn be achieved by using only 

three or four different heights; and, in Act, by' shelving large books on 
their fore edge, one can do remarkably well with only two shelf heights (J). 
This result poses an interesting question.to those large libraries which 
presently employ eight or more size classifications in their depository-type 
storage areas. It also calls into question the wisdom of spending: extra money 
on variable height shelving and the practice of adjusting shelves up and down 
as new boohs are ; ,dded. But these are „ther mi nP r benefit s; and, perhaps, 
the greatest immediate importance of the. *odel is, its ability to show rigorously 
that one xs not going to achieve dramatic Reductions in space utilization • 
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through shelf arrangement alone* If all books could be stored by size on 

their ; |ore edge, the best one could do is to double shelving capacity (4)* 

■. »> 

This is not by any means a long run solution to library storage problems. 

Of considerable interest are two recent applications which are peripheral 
to the shelving problem. In one instance, the MAEC catalog tapes produced 
by the Library of Congress were examined for the distribution of lengths 
of the records they contain ( 5 )- Some 65 different record lengths were 
found in a random sequence* When ordered b^ size, they formed, a bell- 
shaped distribution* The book shelving model was applied to find the optimal 
record lengths to ; use for blocking the tape so as $0 produce a fixed record 
length tape with one, two, three, etc., different block sizes* The records 
would be in conventional sequence within ;pach block size, and shorter records 
would cause some loss of storage space. with books, it was found that 

the use of only a few block sizes could make fixed length processing relatively 
efficient at the expense of more storage capacity i; Again, as with flipping 
large books on their fore edge, the model could be- used in conjunction with 
a program for selective code compaction pf, longer records so as to achieve 
an optimal balance of processing and storage costs?. 

*• * An even more esoteric application of the basic shelving model is the 
possibility of using it in the production: of microform records. For example, 
in producing microforms of conventional bpjpk material^ one has to compensate ■ 
for the variable sizes of book pages* What set of, fixed frame sizes would t 
achieve an optimal balance between the cq^st of handling variable frame sizes 
and the cost of reproducing blank spaces? .If a single frame is used, it 
must accommodate the largest page size at the expense of much excess capacity 
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for smaller pages. If only two sizes are used, what smaller size is optimal? 
Ihe use of more sizes decreases lost area but increase the complexity of the 
system. Again, as with the fore edge storage of books and the compression 
coding of MARC tapes, variable magnification might he used in conjunction 
with the selection of optimal frame sizes. This complicates the analysis 
considerably hut allows for many, more options and the possibility of a much 
better solution. 

Another different sort of application of the book shelving model was 
made recently to the design of industrial warehouses, where the problem 
was that of determining optimal bay configurations and the assignment of 
variable size lots of palletized materials (6). :This might have useful 
implications for the design of library building and the assignment of 
subject groupings of varying size to different areas so as to minimize the 
sum of paging and space costs. , . 

Usage and Cost Models 

Space models of the kind considered above have the analytic advantage 
of dealing with the physical measurement of inanimate objects and avoiding 
the more difficult problems of measuring human behavior and Judgment. It 
is the absence of the human element which makes them most amenable to 
mechanical applications and which evokes the strongest suspicions of 
practical librarians. There are two basic ways of approaching the role 
of human intervention in man-machine systems. One way is to take the 
direct approach and concentrate on people, their perceptions and reactions 
to the system. This is the approach of the behavioral scientist. 
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A second approach is an indirect one of focusing on the physical 
components and attributing to them attributes which -are really the net 



effect of some prior human action. For example, we speak of a book circulating 
of it containing certain information, or of it having so much worth and 
relevance. This approach permits the reduction of much of the human element 
to measurable quantities which can be related directly to other aspects of 
a system. This is the approach of the economist who can infer a value measure- 
ment from the limited availability of certain resources and the desire to 
have more of everything rather than less , 



A good example of this approach is in the work of Philip Morse: and 
his recent book on Library Effectiveness, ( 7 ) * Most of his models depend 
heavily on the notion of "randomness" in the behavior of library patrons. 
Tossing coins to retrieve information is an idea which seems patently absurd. 



if applied to some individual researcher:, but is remarkably useful in 
measuring the collective effects of many, individual choices and actions 
on. the performance of a service system. .Once we accept these measures 
as good approximations, we are in a position to make meaningful comparisons 



and recommendations for system improvement. 

The analysis.; of depository schemes for libraries is a good example 



of what I call usage models. In general, depositary models have argued 
that a considerable portion of a library's, collection is so rarely used 
that these items could be stored elsewhere, at less cost or to make room 
for new material. On the basis of out-of-pocket library costs alone, 

Li star ( 8 ) argued; that several science libraries ;at Purdue could justify 
the storage of up; to 60 $ of their holdings and achieve a small reduction 
.I-'-' ■ • " b' ; - ?! ; ‘ , 





m total costs. However, if some significant user delay cost is added. to 
the charges,. the advantages of depository storage are reduced drastically. 

The net effect of his study is t* .how that depositories do not provide an 
easy solution to library storage preplans. Where space is limited and 

storage is the only answer, however. Lister's models do show how a rational, 
suboptimal policy can be developed. ‘ 

A variation on this theme is seen in the recent study by the Center 
for Research Libraries ( 9 ) of the feasibility and potential benefits of a 
cooperative storage and lending facility for periodicals. This study is 
notable for its analysis of pertinent cd.st data from several libraries, 

A similar preliminary study was made in .England at the University of Lancaster 
which showed that university libraries might utilize a national lending 
service for 10 to 30* of their demands depending on the user delay cost. 

Perhaps a better prototype storage model of the usage variety is the 
one proposed by Cole ( 10 ) and refined and extended by Buckland (11). cole 
showed that a 2000 volume petroleum library could expect to satisfy the 
greatest number of user requests by subscribing to approximately 190 Journals 



nd holding them. for about 11 years. He assumed exponential obsolescence 

3f 0lde1, pattern for the marginal productivity of 

i journal titles. Buckland introduced some considerable mathematical 



'efinement to those basic relationships ^nd was' able to go beyond Cole's 
■e suits and show how to include such additional features as variable 
etention periods for different journals; and use -of interlibrary loan 
ptions. He also looked at how to meet, a given level of service and 
inimizing a cost function that gives explicit recognition to different 

tor age policies. An reliant review, of the history of library use studies 
nd models was made by A. K. Jain (l2)j: n .. "-.V- 




Sonehow the usage models, like the space models, seem to fall short 
of th$ mark in an attempt to come to grips with the critical problems of 
libraries- libraries do have something in common with warehouses and 
bookstores but there is still a residual difference which cannot be 
ignored- The further development of economic models of library-type 
systems must focus on investment as well as operational costs. Because of 
their patterns of long-term storage and exponential growth > investment 
models may provide the hotter approach to the understanding of library 
economics . This approach would seem to be better 'suited to the development 
of system planning models and the justification of technical innovations. 



Retrieval Models 

, . i 

One cannot pursue information storage models very far without confronting 



difficult problems of information retrieval. It. is interesting to observe 
how operations researchers and industrial engineers have tended to focus on 
the storage side of library systems while library scientists locus on the 
retrieval side, M.E. M&ron has defined n the library problem” as the problem 
of retrieval and not of storage * He points out that the space problem is 
largely a problem of technique and economics — a matter of miniaturization^ 
for which the necessary physical theory is already available ? but that any 
use of miniaturization or mechanical storage is going to necessitate the 
development of a ; .sophisticated remote access capability. The theoretical 
work on inf omation retrieval which is necessary for such a development is 
not available now. . ’ •, .. 





Ofte separation of storage and retrieval is the critical factor in the ' 
automation of information systems and libraries. Conventional libraries 
must depend on direct user access to keep costs within bounds and to make 
card catalog systems work, i.e., we really have catalog-aided manual 
retrieval.. Interlibrary loans, for example, are one of the most expensive 
kinds of services a library offers; and yet even this is cheap when compared 
to the cost of providing remote reference service, as for example, in the 
specialized information centers which the government has funded. 

A thorough review of retrieval models is too large a subject to cover 
here and is beyond my competence to review. There appears to be a wide 
variety of approaches and classes of models, among' which are those based on 
behavioristic studies of how man uses language in the transfer of information; 
and then, there are the computer- oriented, approaches which concentrate on 
the algebraic and physical capabilities-, ; of electronic devices. 

The approach I have taken is an operational one in that it attempts to 
model the patterns observed in existing, working. syst ems, and to draw inference, 
for local optimization and cvolut.i onary development . This is the method of 
operations research as opposed to basic research- and is not offered as a 
substitute for 'the- latter but as a, complimentary, approach . 

It is characteristic of OR work to: look for, analogies from other fields 
md to draw heavily on the selective experiences, of past observers so as to 
attempt a sort restatement^ of what is known about a system in the language 
if applied mathematics. An example is the model -which appeared recently. in 
merican Documentation (13) where ideas were taken from the theory of military 
earch and reconnaissance and from the -.earlier empirical work and wisdom of 
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the English documentalist , S- C. Bradford, These ideas were used to formulate 
an analytic model that also incorporates a mathematical approach which is 
similar to the math used in the hook shelving model, and which, by the way > 
is developing its own separate history within OR circles under such names as 
the assignment problem, the cutting stock problem, the packaging problem, 
and other such titles. 

This approach seems promising, expeeially in the connection it made with 
Bradford f s "scattering" studies, which can be related to Ziph's law and 
which, in turn, opens the door to some promising extensions into information 
uheory , linguistics, and economic theory Furthermore, the first model has 
called into question the proper measurement of search effectiveness-; and its 
relation to user preferences, perceptions,- and behavior (l4), and the 
relation of the latter to expect judgment of the relevance and content 
specification of a chunk of printed matter -we call information. Thus, the 
models have a double payoff: they can lead to practical applications and can 
also open doors to new theory. - , 
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PROBLEMS OP LIBRARY FLANNING- 



HJBLIG LIBRARY SERVICES 

M 

, Alan Longworth, County Librarian 3 

Lancashire 

In presenting a paper such as this, a paper which is one of* fifteen 
in a seminar concerned with a very precise topic, it is specially 
necessary to define one* s topic and terms of reference if undue duplication 
is to be avoided* For the next few minutes therefore I shall be speaking 
of the public library as it has been understood in Britain, and through 
many other parts of the world, since the passing of the first Public 
Libraries Act in England in I85O, and as it is still understood, with some 
variations, under the terms of the current Public Libraries and Museum Act 
of 1964 -, • ’ 

A "public 11 library is one provided by a local authority under the 
terms of appropriate Local Government Acts, and Public Libraries Acts, 
and primarily financed from local rates. 

I could almost define my topic, even today, by quoting the preamble 
and terms of the Act of 1 85O but I will only refer specifically to the 
clause which states that the purpose of the public library is to provide 
books for education, information and recreation, freely available to all 
who wish to use them. 

Tn the above sentence I have, almost unwittingly, identified the 
differences between "public" libraries- and the other three categories of 
libraries which are being discussed this afternoon. 

Public libraries are authorised and governed by statute. 

Public libraries are for use by the- public at large. 

Public libraries, are financed from public funds raised at 
local level , • 1 . . 

(d) Public libraries are expected to provide education, inf ormatien . 
and re creation, . . . • 

It is in consideration of these', four points that the main differences 
in the four types of libraries, and the special problems of planning a 
public library service will emerge, : 



(a) 

00 

(c) 



- 2 - 

1 Statutory Provision and Control 

It is particularly appropriate that a seminar * meeting in Lancaster 
in the simmer of' 1 969* should hear a paper on library planning which is 
presented by the County Librarian of* Lancashire* who was formerly 
City Librarian of Salford. Truly Lancashire can claim a major share in 
the pioneering of the public library movement * ' and the rivalry between 
Warrington and Salford for the honour of opening the first free library 
is perhaps weighted towards Salford by the work of Joseph Brotherton in 
introducing the 1 8 50 Act into the House. In contemporary terms 
Lancashire County Library faces dissolution and the area which is now 
called Lancashire faces a literally complete re-organisation of its 
local government structure if the recommendations of the second Maud 
Commission are accepted and promulgated. Whatever the future of the 
report* Lancashire will be significantly changed by the creation of the 
Central Lancashire New Town and Warrington New Town. 

The statutory provision of public libraries is probably the most 
important single difference between public 11 and other libraries and 
must be clearly understood. The local authority is not a law-making 
body and can only operate under powers bestowed on it by Central 
Government and within limits very clearly defined. In 1969? these are 
the 196A Public Libraries and Museums Act* and various Local Government 
Acts, of which that of 1933 is possibly the most important. The 
possible 1970 Local Government Act* based on the Maud r snort will 
stipulate the boundaries of the new authorities* the composition of 
their governing bodies* the powers they are to • have and the methods they 
will use to finance the work they are to do, 

This* complemented by the 1 964 Libraries Act, will provide the 
framework within which the public library service of the future will be 
planned s 



2. T he Pub lie- at- Lara e 



It is in the category of library user that there Is the greatest 
practical difference In our four typos of library. The special library 
has an extremely limited clientele both in numbers and in range of 
library interests. The university library will probably have larger 
numbers to deal with and also a wider range of topics* though university 
students and staff, are by the nature of theif selection* rather special 
categories of people. i .1 . 

National libraries* or some of * them* are* theoretically, for use 
by the general public. In practice this is not really true* since 
carefully vetted introductions are needed for the British Museum .whilst 

the National Lending Library Is extremely careful even in its choice of 

n ,, * ; • ■ 

agents, . ‘ 
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Xt goes without saying that the users of the public library are 
"the nubile'' and by "the public" we really moan the whole of mankind - 
young' and old, black and white, deaf, blind, insane, uneducated, 
unedu cable, genius, autistic — every conceivable category into which 
people may fall. 

But once we set ourselves the problem of "planning public library 
services" in the context of this conference we immediately limit our 
understanding of this word "public". We limit ourselves to a public 
which is English-speaking, to people who understand the words we speak 
and the signs we write and print. 

Because we are planning a library service for "the public", xn 
Britain, in 1969 — let us think about this "public" in some little detail. 
It would be extremely useful if we could create a single personality who 
could emhodv all our nubile' s characteristics in one person, a sort of 
contemporary John Buli. Physically this might be almost possible, but 
we are* not concerned with the physical body, we are concerned with men's 
minds, and variations in mental capacities and. characteristics are 
immensely more variable than physical make-up,; We must therefore 
allow for all the mental attributes which go to make up the individual 
personality. 

Another aspect of man 1 s mind we have to consider, is its stnte of 
training and education. We must cater for everyone throughout the 
v/hole educational range from the barely edu cable backward render to the 
most highly trained brain our educational system can produce. We must 
deal with students at all stages from infants’ departments to primary, 
secondary and further formal education, the particular requirements of 
modern vocational training and restraining, and the less purposeful, but 
none— the— le ss personally staisfying activities of non- vocational 
training in the way of hobbies. , 

W© must also consider the widely varying library needs of people 
throughout the- whole of their lives and this is worth some detached 
consideration. 

Babies obviously do not read, though from quite an early age they 
do begin to understand the significance of visual symbols , Children ^ 
normally learn to read between the ages of four and seven years, though 
backward readers may be some years late and in a few cases may never 
really read. The normal child discovers the magic of imaginative 
reading at seven years of age and this phase lasts about four or five 
years. During these years children /will read their own comics, mum 1 s * 
magazines, dad* s newspaper s and every book, suitable" or "not suitable* 1 , 
.* they can get their hands on. During these years an avid reader will get 
through a book, a, day as well as a considerable amount of reading of other 
material, . 
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At the age of twelve or thirteen the magic seems to disappear, and 
this change with the onset of puberty is a subject for psychological 
research which could have enormous significance. Whatever the reason, 
the magic disarraears and reading seems to become more purposeful. n 
grammar schools' and higher education this is undoubtedly connected with 
syllabus study but in modern schools where the academic pressure as not 
so great the magic still seems to disappear and reading loses its charm. 

In all -forms of advanced formal education, private reading, along with 
su-Dervisefl experimental work, lectures and tutorials, takes up all the 
student’s time - but here I begin to stray on to other fields to be 
covered by other speakers. 

y/hen formal education is over the continuation of regular reading 
den ends to a considerable extent on a persons basic intelligence, former 
education and. kind of job. The professional man. reads for both work and 
pleasure throughout the rest of his life. His wife who normally _ has a 
broadly similar background, reads • mainly for pleasure and relaxation 
during the early years of family life, her reading growing broader and 
more purposeful as the family grows up and she has more time and energy 
to follow her own pursuits, • i : 

In working class homos reading is largely confined to newspapers, 
magazines and paperbacks of the more ‘popular and less mentally demanding 
kind. 

In later life when the husband has retired from working life, reading 
helms to fill his days and use of the public library is frequently one of 
the" regular features of his more settled life, and this more leisurely 
pace of his life also seems to affect his wife who may also return to 
reading to fill part of her spare time. 



What I have just described is a. fair cross- section of readers who 
use the public library - children, students, young married s, professional 
people, and older people. It is interesting to speculate on the motives 
which bring them to the library, and it is also interesting to speculate 
on the reasons" why other people do not use the library. 

In this context of the pub lie- at- large it is also important to ^ 
identify the size and character of the communitss in which people live. 

Size can range from the individual country cottage and farm, the isolate 
hamlet the small country town and the industrial conurbation, to the 
provincial or national metropolis. Basic standards are no w laid down 
by the Department of Education and Science, suggesting the size of 
buildings and kind of service which needs to.be provided for each size 
of community, but the Department re qpgnizes that the character of the 
community- also needs to be considered,. For example in Lancashire, _ 
Grange-* over- Sands, is a small seaside town of little over 3,000 population, 
of whom 85?S are retired business and; professional people, needing a library 
service but needing very little help and guidance; m its .use. At the 
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other end of* the scale is Kirkby, housing 60 ,G 0 G of Liverpool’s overspill 
population - 75 % of them under 21, posing considerable problems of 
community control and discipline. Here help and guidance in using the 
library is of paramount importance and the crusading work of utterly 
dedicated senior librarians and staff is an object lesson in community 
service. 



3 * Finance 

Unlike the special libraries, but like university and national 
libraries, the financing of public libraries is from public funds; but 
unlike the other two, public library funds are under local rather than 
national control. The Department of Education and Science now lays 
down certain standards of expenditure and 11 encourages” local authorities 
to achieve these standards. The Department also controls the amount of 
expenditure on buildings by its authority to limit the use of capital 
funds, whilst the annual revenue spending of local authorities is 
supported where necessary by grants from Central Government funds and 
part of the rate support grant finds '.its way into the library budget* 

Unfortunately, in the world of local government finance, the value 
of the library service is not always recognized, and the library always 
has to bid for its budget in competition with financial needs for housing, 
health and education, and other major and minor services. In times of 
national and local financial crises, the less obvious needs of the library 
are frequently sacrificed in order to maintain the funds of a service 
who se value is more immediately apparent. I am quite sure that the controls 
on expenditure in all libraries are extremely , stringent and equally 
irksome. 



4* The Sunnly of Books and Other Materials 

Because, it^s clientele is the puhlic-at^large , and because its terms 
of reference are to supply books for .education, information and 
recreation, the public library's buying policy is completely different 
from the policies of the other three .bypcs of library. In this it is 
to some extent the victim of its own history. In nineteenth century 
public libraries one of the major motives was nto encourage members to 
read, to read anything at all, and the, recreational aspect of library 
work was of considerable importance in the days before radio and the 
visual entertainment of the cinema and television. For this reason the 
public library came to be regarded to a considerable degree as the source 
of pastime reading for the less wealthy and this image is still 
unfortunately not entirely erased. Since tha advent of other forms of 
domestic entertainments, and the consequent diminishing of the demand 
for purely recreational reading, public libraries have been able to 
concentrate their resources more on providing books and other material 
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in the fields of information and education, and in a world in which 
life daily becomes more complex, and in which education continues to 
develop at a staggering pace, the use of the public library continues 
to grow. 

In the last few years, the 0 entral ' Government has begun to 
encourage the use of public libraries as general cultural centres 
rather than simply as book repositories and in small and medium sized 
communities the library is now a meeting place, and the recognized 
venue for cultural exhibitions and displays of all kinds. 

In terms of the physical presentation of material, public libraries 
tend to remain faithful to the book, and though collections of micro— 
documents, tapes, films, gramophone records and other forms are not 
iinknovm, their impact is still slight. 

Rightly or wrongly, the public library's success is still to some 
extent measured by the number of books issued, and the value of books 
which are not in constant use may be: questioned. Certainly in small 
and branch libraries, each book needs to justify its shelf space in 
terms of number of loans. This also leads to heavy wear— and— tear 
and the importance of specialised channels of supply for reinforcing 
books, from specialised public library suppliers. 

V ; } 

The decline in sales of “hardback 11 books- in bookshops, the decline 
in M commercial 11 libraries in the past ^twenty years and the development 
of the paper-baek book trade has meant that the public library market 
is now a much more important factor in the mind of the publisher when 
he decides to publish a book, but that perhaps is leading us outside 
the field of our present argument, though 'without publishers there could 
be no libraries at all. 



5 • Planning . 

In the preceding paragraphs I have discussed the factors which 
affect the planning of a public library service and in particular those 
factors which are peculiar to public libraries and the differences which 
exist between public libraries and the other .kinds of libraries. 

Once these factors are fully understood,; the actual planning of the 
library can proceed along the traditional lines, of books, buildings and 
staff; control, administration and -systems: . and finance. 

; j . " . ( : 

If the report of the Royal Commission on; Local Government is 
accepted, the public library service- like local government itself, will 
have the opportunity to re-assess itsj purpose- and. methods, and of 
re-organizing itself so that it can continue to play a proper part in 
man’s continuing evolution in the latter part of this century and the 
beginning of the next. 
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PLANNING LIBRARY SERVICES - NATIONAI. T TRP a oipc 
by DJ, URQUHART 



I think it would be wisest in the present circumstances if X confined the 
majority of my observations to my experience at the N-L.L. The case for creating the 
N.L.L, and deciding what sort of library was required depended upon a number of 
measurements. The essence of these has been set down elsewhere. ^ 1 ) Looking back it 
seems to me that the data was relatively simple to collect and analyse. The more 
difficult part was to decide what might be relevant. Such decisions were guided by 
a simple philosophy that it was important to "collect facts, analyse facts and act on 
facts and ignore opinions".^) 

This paper will endeavour to consider how far this philosophy of observation and 
measurement has been used in operating the N.L.L., how far the decisions have 
depended upon intuition, and how far the experience is relevant to other libraries. 

As X start to write this paper let me say that its purpose is exploratory for I do 
not know what the answers will be. 

To help me to focus my attention on the problem I will first try and set down 
the main changes which have occurred since the N.L.L. was officially opened on the 
5th November, 19 o 2 . Since then the scope of the library has been expanded to include 
some parts of the medical field previously excluded, and more recently to serials in 
all parts of the social science field. The number Of current periodicals received has 
risen from 14,700 in April 1963 to 32,500 in April I 969 . The number of requests 
satisfied by the library has increased from 187,600 In 1 963/4 to 651,800 in 1 968 / 9 , 

In the last twelve months the percentage of photocopy requests has about doubled. In 
addition, a variety of courses on the use of scientific and social science literature 
are now being run and the N.L.L. is responsible for the T7.K. input into MEDLARS and 
the final formulation of MEDLARS searches. 

The main restraint on the N.L.L . 1 3 development has been the limitation of staff 
numbers. To cope with this and the recent volume of activities there has been a 
number of procedural changes. The overall result has been that despite the rising 
cost of literature and rising salaries and deipite the ihcifeAse in "non-productive" 
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work such as MEDLARS, the unit „„„* , 
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below. Nevertheless the N.L.l. factor ha . 

to 37 per oent. 77 *" ° ent 10 1563 

Table 1 

N.L.L. Unit Costs in £s per issue 



Jftiraber of issues 

Staff costs/issue 

Literature binding 
costs/ issue 

Total direct net 
©xp©nd^t?u£Ns pQr 
issue ( excluding 
cost of trans- 
lating programme) 



1963/4 


1964/5 


1965/6 


1966/7 


1967/8 


1968/9 


197,593 

0.53 


257,292 

O.46 


336,157 

0,40 


435,750 

0.37 


536,132 

6.35 


651,781 

0*342 


0,715 


O.52 


0.51 


O.48I 


0.493 


0.4Q0 


1 Q1 


0.99 


O.92 


O.867 


0.855 


0.853 



They do 
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lectin, literature, sahln, records or haudlln, requests. Had the unit cost. 

d ITl r ^ ^ ^ ^ - - .— -e justified a acre 

detailed analysis of the situation. 

emoZr 'll ? 8 ttat ' Wt ° 0^t, " “ Pre ° iSe ~ eperatlonal 

I 18 8 8lmPl8 - - — Ne»nt paint of view. as 

-t ocet concept Win probabl y he useful In other libraries er In analgin, a Uhl 

coup ex, and It le lnt.re.tln, to not. that the Won Colttee sad. use of this 
except in enalysln, the national 11 W 1 .. prohl„. Of overan unit It. 

i in ' OOUld br ° 1 ‘“ UP *“■“«““* **ye (e.ff. on reeordin, or on 

sauing) but this has only been done at the N L L r 

m at the N.L . 1 . f or special investigations. 

In introducing this concept of unit costs 1 +>, * T v 

ann+v , find that 1 ^ve already introduced 

another concept, that of the success factor Thi« 

This to my mind is a very simple 
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concept which is fu ndam ental to the operation of a library but^ surprisingly enough^ 
it is rarely used* At the N.L.L. the figure is obtained by dividing the number of 
issues by the number of requests received excluding only those which have been 
returned to the user for further information or action. The success factor by itself 
is a crude guide for comparing the services of different libraries or in different 
parts of the same library- I appreciate that in some libraries, particularly those 
with open access, it is a little more difficult to measure than it is at the H.L.L. 
Nevertheless, it seems to me so fundamental that it should be measured more often. 

Of course, by itself the success factor does not indicate what actions to take 
but it does indicate to some extent whether previous actions have been successful. 

To obtain further information it is necessary to analyse the extant to which the 
requests are satisfied in more detail. At the N.L.L., for instance, we found that 
for English language books the success factor was rather low for relatively recent 
titles. Part of the trouble we found was due to requests arriving at the N.L.L. 
either before publication had actually taken place, or very shortly after publication. 
There was obviously little we could do about the former, but we have taken action to 
change our acquisition procedures to obtain some books from publishers on publication 
by placing standing blanket orders for them. 

The "Success factor" is a measure of the ability of the stock to meet the needs of 
users eventually. It does not indicate how long users may have to wait. The main 
cause of waiting at the N.L.L* is due to items being on loan when required. To 
obtain a measure of this trouble we measure the percentage of issues which are made 
via a waiting list procedure. The policy of the Library has been to duplicate 
holdings to try and keep the percentage on loan when required down to not more than 
10 per cent overfall. This level was decided somewhat intuitively after considering 
the eacperience of the Science Nuseum Library. It appears to be acceptable to the 
IT . L . L * 1 s users. 

The problem of keeping down the waiting list is mainly, but not entirely, one of 
duplicating currant periodicals and books. In deciding what to duplicate the basic 
assumption is made that the demand is random in the mathematical sense. This 
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assumption leads to a mathematical model in which Poisson's distribution plays a part. 
Using this model it is possible to examine the effect of duplication using different 
criteria. This model can thus be used for developing a formula for relating the 
number of copies of a title ordered or retained to the demand. The assumption of 
randomness of demand appears to fit most of the variations of demand which have been 
observed for recent volumes of particular titles. Fortunately, if the assumption 
is incorrect and a demand is orientated (i.e. it sometimes concentrates on one item 
and sometimes on another) then a greater degree of duplication would be required to 
attain a good level of service than Poisson's distribution would suggest. So that 
the mathematical model satisfies the administrative requirement that duplication 
should be on a conservative basis. 

In applying these ideas, particularly to periodicals, I have developed a 
simplified approach which has reduced the problem of deciding how many copies are 
required to one of mental arithmetic. Since more elaborate treatments have been set 
down it might be useful to outline the method used. 

First the concept of "availability of demand" "A" is defined as the percentage 
of time one or more copies are available on the shelf. For a title held only in a 
single copy "A" is the fraction of time the publication is on the shelf. "A" is 
measured having regard to the ntunber of loan issues. It thus measures the availabi- 
lity for other purposes (e.g. for the photocopying service). 

For multiple copies the demand is thought of as divided equally between the 
copies. Thus, if each copy would have a shelf availability of "a for n copies the 
non-availability (i.e. 1 - A) would b© given byl - A = (l - a) n . 

The application of this idea involves the concept of "the average demand". 

This could, in fs,et, only be estimated after measurements over a long period, and 
these would be useless because the total demand on the N.L.L. and the demand for any 
particular volume of a title are each changing. It is thus necessary' to make the 
observations over a short period and treat the observations conservatively having 
regard to Poisson's distribution. Thus, if a demand of 15 was observed in a 
particular period this might mean (allowing for two standard deviations) that the 
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average was 9 to 25, The lower figure would be uaed to determine whether to 
duplicate or not. 

In deciding whether to try and use the secondhand market to fill gaps in the 
holding of periodicals the number of requests for the volumes not held have been 
the major consideration. The justification of this activity is quite simply that 
experience has shown: 

a) the older volumes which have been more frequently 
asked for, are more likely to be asked for in the 
future , 

b) those older volumes for which there is some demand 
are more likely to be available from the secondhand 
dealers * 

(tt.B* the majority of the N*L*L* f s secondhand 
orders are below the demand level which produces 
reprint editions*) 

Where use data has not been available — as for instance for social science 
serials - the N*L*L. has used citation data to decide which back runs of serials to 
seek from the secondhand market * 

The figures I have referred to have related to the library's main operations. 
OJhe N.L.L. has made a number of other measurements to guide policies* These have 
related to the need for translations, the use and need for bibliographies, and the 
methods of operation of the loan and photocopying services* These 

surveys have related to particular practical possibilities* Special care has 
been taken to avoid asking potential customers what they think they want* I do 
not believe that users necessarily know what they need or what they would do in 
some hypothetical situation. 

This brings me to a problem which so far I have failed to solve* The problem 
of estimating the future demand on the library* Nowadays by extrapolation on the 
M demand/ year” curve we can obtain a reasonable guess of the likely demand this 
year or next. This process however leaves me with an uneasy feeling that I do not 
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know what is really happening. Extrapolation may b© very misleading if I try to 
estimate the demand in five or ten year 1 © time. The min bulk of the N,L.L. *3 
ultimate users - the U.K. scientific manpower - is increasing at about 5 per cent 
per year. If the increasing demand on th© N.L.L, was about 5 par cent per year it 
would b© enough to assume that the future demand would follow the growth of scientific 
manpower. But the growth in demand is about 20 per cent# Some other factors are 
clearly at work. It is probable that the library habits of the organisations we lend 
to are changing, I do not think market research would help very much. Soma new 
factor such as devaluation may in time have a major influence upon the situation. So 
I am driven to guessing the future demand* This appears to be a problem which faces 
new services, for new services ereat© new demand. 

The ideas I have set out so far ar© rather simple yet it seems to me that they 
are sufficient to form a basis for the planning of a national libraries service. In- 
deed the basic proposals of the Bainton Committee depend upon something even simpler - 
the fact that the cost of accommodation in Central London is about five times that in 
Boston Spa, If all the activities of the N.C.L. were transferred to acc orano da t i on 
costing the same as at Boston Spa using the figures given in the Dainton Report 
(mainly in Appendix 4) * ^ 3 ) the position would be as given in the following table. 



Table 2 

Unit Costs 1967/8 





N. L. L. 

Issues from stock 


N.C.L. 

Issues from stock 


N.C.L. 

Interlibrary 

requests 


tlo. of requests satisfied 


536 , OCX) 


21 ,000 


78,000 


Success factor 








Unit Goat par request 








satisfied in £s 








Staff costa 


0.35 


0.88 


0,99b) 


Literature etc. 


0.50 


0.54 


0,04b) 


Accommodation at Boston 
Spa prices 


0.30 


2.34 


0.34b) 


Total 


1.15 


3.76 


1 . 37 b) 



(1 )ir. C,L* costs only 
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Th* bases on which these figures have been compiled may be slightly different# 

The N ,L.L, staff costs include some indirect costs (e.g. the cost of staff required 
to provide indexing data for MEPLABB), and the N.L.L. figures exclude the receipts 
from photocopies although they include the cost of photocopy staff and postage of 
photocopies. However f the figures given in Table 2 are sufficiently comparable 

to permit some general observations# 

To begin with the N.G.L. interlibrary issue cost has to be increased to allow 
for the costs in the library which actually issues the required item. In addition, 
to obtain some comparable figure© , it is necessary to include the costs of co- 
operating libraries in providing data to the N.C.L. and of dealing with requests 
for items not available. It would appear most improbable that the external 
staff costs per N.G.L. request satisfied by another library would be less than the 
N.G.L. 1 © own costs. If the two costs were equal we would have, using the Boston 
Spa accommodation coats: 

Unit cost per issue (1967/8 ) 



From N.L.L. stock £1.15 

From N S G.L. stock £3-76 



N.G.L. interlibrary request £2.25 

In the existing situation and with the present procedure it would appear that 
in general it is appreciably cheaper for the N.L.L. to continue to satisfy the 
requests it receive© from it© own stock using the existing acquisition policies 
than to rely on interlibrary requests. 

There is another deduction which can be made about the N.L.L. from the figures 



in Table 1. Allowing for the depreciation of money the unit coat© are falling. 
This is the situation which should exist in an efficient industrial organisation 
with rising output. It does not happen, however, if a unit ha© passed the optimum 
size for its existing methods of operation* Thus, the evidence suggests that if 

p- 

there is such a thing as an optimum size for the N.L.L. 1 © sort of activities the 
N.L.L* ha© not yet reached it* This observation I find re-assuring, for - as far 
as I am aware - the N.L.L. is already dealing with more requests from remote 



borrowers than any other library in the world and the volume of demand is still 
sing rapidly. 
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The data available in the N.L.L. makes it possible to examine its activities 
in more detail using unit cost ideas. For instance* it appears that the present 
policy of the N.L.L. of purchasing back sets of periodicals for which there is 
some measurable demand is still justified on a unit cost basis. Also* it appears 
that the present policy of the N.L.L. of accepting a majority of back sets of 
periodicals offered to the library is justified on a unit cost basis. Using the 
Dainton report assumptions the nominal accomodation costs per issue of the material 
in the N.L.L* *s pre^i^O serial store is about £0 # 65* Moreover* this unit cost 
is falling as the number of issues from this store is increasing* 

The position regarding the N.G*L.*s activities is not so easy to interpret. 

Even if the N.G.L. were operating in accommodation which cost no more than that 
at Boston Spa* in the present situation it would on average be cheaper to use t 1 e 
Union Catalogue than to build up a central collection* Of course, the existence 
of a central loan collection would alter the demand. Unfortunately* as I have 
mentioned earlier* the problem of estimating the future demand on a new service 
has not yet been solved satisfactorily. A central loan collection in the 
humanities would attract a great deal of demand which now goes to the regional 
library bureaux# In addition* the central loan collection would create some new 
demand* There appear^ to be* however* insufficient data at present available to 
estimate what the total increase in demand would be# Centralisation of the 
existing arrangements could produce a more efficient system from the user’s point 
of view* but how the costs of a centralised system would compare with those of 
the existing system is not clear. Whatever happens it is probably going to be 
difficult to establish on economic grounds the need for a separate extensive 
central loam collection of foreign language books. Of course* such a collection 
might be justified from a service point of view. 

This 'problem illustrates the basic dilemma we face in planning library services. 
Whilst the unit cost concept is clearly useful* it does not permit any allowance to 
be made for the level of service. This dilemma will exist until there is some 
method of measuring the cost of. not having an item when it is wanted. 

This paper has concerned itself with library planning using existing tech- 
nologies* The book as we know it has survived for over 2,000 years because it is 
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a convenient format* 



It is true that there are thee* who have forecast its early 
replacement by the format produced by some new technology. However, I suspect 
that the book as we know it will survive a little longer. If the book ie to be 
replaced, this will only come about if the new format is technologically reliable, 
easy to Use and, above all, economically justified. The situation could change 
quickly, but the replacement of the book by some new format is, at present, no 
nearer than the horizon. However, it is not impossible that, before long, it will 
be possible to have rapid access to books stored in remote places. The decision 

whether such a system should be introduced is likely to be mainly determined by 
unit costs. 

N.L.L. 

June, 1969 D. J. UBQUHA T IT 



1 . UBQUHABT , D.j, J.of Doc 13 pp 13-31, 1957 

2 , Royal Society Scientific Information Conference, Beport. p. 103 , 1948 
3- Beport of the National Libraries Committee, Cmnd. 4028, H.K.S.O., 1969 
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Discussion 



When asked whether the reason why the level of external borrowing was rising 
proportionally faster than the user population was that the same users were reading 
more, or that the reading level of previously inactive users was being raised* Mr, 
Dammers replied that he did not know; he could only say that current awareness 
services had been improved and consequently readers were better informed of rel- 
evant papers, Mr, Mackenzie observed that Mr, Dammers’ readers were using 
about 18, 000 papers per year, and in 5 years this would have increased to about 
40, 000; he asked if they would have enough time to do all this reading* Mr* Dammers 
agreed that the readers would collect more papers but would not necessarily read 
them, and he pointed out that a great deal could be assimilated from a paper just by 
glancing at it. Also, the present number of papers being read was not very high - 
10 papers per week per reader, M % Woodward said that in the last few years the 
annual rate of growth of inter-library loans at Durham was 30%, and he thought that 
part of this increase arose because readers who previously did not read much had now 
begun to catch up on their reading- Dr, Urquhart suggested that when more abstracts 
and selection devices were acquired users would make an initial selection better suited 
to their needs, and this in fact represented a wider scatter of the literature; con- 
sequently the library was less able to meet their requirements from its own holdings, 
Mr. Fairthorne said th$t when a library improved its facilities its readers would make 
use of them and ask for more literature, but this did not necessarily imply that they 
would bq doing more reading; often they would merely use the facilities to find clues 
on what to read* 

Mr. Dammers said that in spite of what had often been said elsewhere about the 
direct distribution of papers to individuals he could not see the disappearance of the 
journal, because it was such a convenient way of bringing together papers on related 
subjects; but he could not foresee where the journals would be kept. Perhaps special 
libraries would collect the small number of important journals in a particular subject 
field, and these would be backed up by large central collections. 
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Referring to the size of the average special library in terms of number of 
periodicals held, Dr, Urquhart said that he thought that similar data was given at the 
1948 Royal Society Scientific Information Conference, and that the average size had 
not materially changed since then. As special libraries grew, new ones were formed 
and the average size remained constant, Mr, Vickery said that data at Aslib suggested 
this to be true, Mr, Dammers was asked if the figures he gave for the number of 
periodical titles held in relation to the number of volumes had a more general appli- 
cation and if they could be applied to university libraries; he replied that he did not 
know and that he only used the figures for guidance in the development of his library, 
Mr. Fairthorne said that some work he did five years ago, relating the number of 
periodical titles held to volumes, agreed with the figures quoted for special libraries, 
and that deviations from the curve really were exceptional libraries, such as the 
library of a motion picture company. 

Professor Leimkuhler was asked if he had any data on the minimum average 
cost which results from a library of a standard size in a certain situation, but said 
it was not possible to answer this. Mr. Vickery said that in practice the concept of 
minimum average cost had been carried out more in special libraries than in 
university libraries because the former had discarded more. Dr. Urquhart said 
that from his experience he thought that university libraries had not yet heard of 
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unit costs, Mr, Mackenzie agreed, but said that one of the difficulties of costing 
in university libraries was that it was not possible to define precisely the aims of 
a university library, whereas the average special library had as a target the over- 
all profitability of the firm. Cost benefit analysis of a university library was not 
going to lead very far until its educational and archival purposes had been defined. 

Dr. Urquhart said that requests for periodicals from a store of pre-1959 
material at NLL were increasing, but there was no exponential decay in the usage 
of books in that store. Mr. Buckland commented on this apparent lack of exponential 
decay, and suggested that this pattern might nevertheless exist in terms of the 
proportionate distribution of demand, but that the steep rise with time in the level 
of demand would mask the exponential curve in terms of the absolute number of re- 
quests for individual items. 

Mr. Fulford asked Dr. Urquhart if he agreed that providing a loan service in 
the sciences was a different problem to providing a loan service in the humanities, 
and if it was feasible to compare the unit costs. Dr. Urquhart replied that if the 
requests which at present were satisfied regionally were satisfied by NGL, the use 
of NCL stock would be much greater, and the corresponding unit costs much lower; 
but there was no fundamental difference between science books and arts books, and 
providing a loan service for them should be a similar problem. 

Mr, Longworth wondered what was going to happen to publishers as more and { 
more information was stored in computers in digital form, Mr, Fairthorne said 
that it would not be economic to store large amount of printed information In digital 
form in the foreseeable future, Mr. Dammers disagreed, and said that mass 
storage of literature was not a long way off since store sizes were increasing all the 
I time* it would happen in science first because the economic pay-off was quite obvious. 

He was asked for more details of machines and their sizes, and he mentioned the ^ 
IBM photo-digital store with a capacity of 10 12 bits which would accommodate 100, 000 f 
volumes. Mr, Duchesne observed that this was not in fact very large when one though 
university libraries. Mr. Mackenzie asked how computer storage would affect a | 

university of 5* 000 students: would they all have immediate access to the store and J 
j have their textbooks printed out? Mr. Dammers said that the process would obviously? 

j be gradual: scientific literature might well be stored first, and the university library! 

i would have access to national stores; subsequently departments would have access to ] 

| a store in the university library. He added that it was bound to happen eventually, | 

j and university libraries had to face up to the problem now and not turn their backs on i| 

\ ! . 

i - ' i 

In reply to the question of why he foresaw the increase of inter-library loans in | 

the future rather than a greater increase in the purchase of literature, Mr. Daimnersf 
said that this happened to be more economic; the tendency appeared to be for special j 
i libraries lo hold the basic journals and rely on inter-library loans for the others. Mrs 

Dammers was asked where he got his inter-library loans from; he replied that they | 
came mainly from NLL and the Chemical Society, and added that at the moment NLL 
could cope very well, but he wondered how it would fare in the early 70' s. Dr, 

Urquhart replied that even with present techniques NLL could cope with an increase in 
demand by a factor of 10. ; 

j j. 

I Mr. Snaps asked Professor Leimkuhler if the factors affecting the demand for 

I O literature of the humanities were different from those affecting the demand in the 
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sciences. Professor Leimkuhler agreed that there was a difference, but he had not 
been able to express it in an analytic way. Dr. Urquhart said that one of *’■•« 
differences was the time scale in the fall-off of use: it was very rapid for the sciences 
and less so for the humanities. This meant that decisions on duplication of books 
were more difficult for scientific literature, because in the sciences the fall-off in 

th*X l ^ 1° hi f ^ thS time the n6ed f ° r duplication had been recognised and 
the duplicate bought the demand had passed; therefore the demand had to be predicted 
and this was done at NLL by regression analysis. In the humanities, with a less 

tZ 1 it , was P° ss f le to watt a demand to appear before buying a duplicate 

The need for duplication of periodicals was easier to recognise, and periodical liter- 
ature was more important in the sciences than in the humanities, this was another 
factor which made provision easier for the sciences. Mr. Fulford said that half of the 
requests at the British Museum were for books published before 1919; Mr, Buckland 

MuSeUm WaS a Special case because ^ catered largely for 
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j , n M E*. Brookes asked Mr. Dammers what the unit cost of providing searches on 
150 profiles was. He replied that it was around £35 per profile per year, run on 
C. A. Condensates tapes. Mr, Brookes asked Mr. Mackenzie if he thought it was 

he th l6 i° l rOVld& SUCh Searches in diversity libraries at that price; he replied that 
he thought that it was. Dr. Urquhart said that a MEDLARS search costs about £30 

seLchiL Dr P Hawn * Tf' 57816111 WaS n0t primari ^ designed for profile 

searching Dr. Hawgood observed that one tape was suitable for all Mr Dammer’ 

he^d^T ^ COV6ring aU SUbjeCtS ° f «, the unive“sers 

he could not see how universities could provide a similar service. Mr. May said that 

OST1 were encouraging the varuous bodies (INSPEC, UKAEA, etc. ) who were working 

™ INSPEC^ n mmeS M° ? gr t e ° n 3 Common s y stem - that a programme for searching 
Mr NgPEC tape could also be used for searching others, e. g, NSA use- '• Mr . a f kec 

Zi a “ductiin r fi J eS r Wer r “ grOUP pr ° fUes ’ NSA had'Sund 

tnat a cost reduction by a factor of 10 could be achieved by changing to groun nrofiies 

the f u tur '"but^a Ft he ° & §t f ldard liSt ‘ Mr * Dammers g aid that this might happen in 

„ * ‘ ' ’ Ut at the moment he wanted to put as few barriers as possible between the 

user and the system, and therefore all his profiles were individual profiles. 

literature H ° W W&S pOSSible to achieve a balance between acquiring 

universS“bra^ V suDnr C rt Ire,lt aWareneSB servi « s ‘ would the humanities suffer If the 
^ pplied current awareness services to scientists? Mr Brookes 

to such" SCientlStS m the University of London, who had previously been ^customed 
to such services in industry, had set up their own services in the universTty a^d 

could ^ th®®® duplicated each other and were very costly; consequently university libraries 
oul not afford to ignore developments in SDI services. Dr. Hawgood said that 
universities might soon start charging for computer services and wondered if anyone 
had investigated the possibility of charging for library services. Replying to 
suggestion that, when allocating their resources, university libraries^hfuld take 
into account their readers' views on what services they expected from the library Mr 
Merely said that studies in economics had shown that it was not possible to alloSrte 
resources withm a community on the basis of its members' preferences Dr Urouhart 

seiches wL totr^duced^f'” 288628 Wh2t W ° UW haPPe " ^ char e‘ n S for MEDLARS 
rh ? h i ? lntr °duced : it was estimated th;>t the demand would fall by 55% and 

that most of this would ba due to a decrease in demand from universitieT 
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Mr. Buckland asked Mr. Longworth what effect the implementation of the ■ • ' 
recommendations of the Maud Committee's Report would have on public libraries; 
he replied that, if the recommendations were implemented in their present form, 
they would lead to an enormous upheaval in the structure of public library services, 
Lancashire would lose 20% of its services to Manchester, 20% to Liverpool, and 
the remaining 60% to boroughs in North Lancashire. 

Mr, Longworth asked Professor Leimkuhler how was it possible to assess 
the benefit of a particular loan; he replied that this was possible only in terms of 
the cost to the user of obtaining that particular loan. Dr. Hawgood said that there 
were two ways of doing this: one was to calculate the macroscopic cost and the 
alternative open to the library manager, and the other way was to examine the various 
alternatives open to the borrower and why he chose to spend his time in a particu lar 
way. Dr. Urquhart said that public libraries should collect statistics of the proportion 
of issues which were educational, recreational, research, etc. , because some people 
thought that public libraries were entirely recreational; the publication of such statistics 
would help to define the rSlc which the public libraries were playing in the community, 
and in particular it would emphasize their educational function. Mr, Longworth agreed 
that this was one area in which there was remarkably little information. 
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The allocation of resources in higher education 



CHARLES F. CARTER 



I am told that at the headquarters of the Department of Education and 
Science in Curzon Street there is a doctrine called ‘Carierism 1 , and 
even a variant called ’modified Carter is in 1 * My academic colleagues 

will, I fear, assume that this doctrine is concerned with making true 
academic values subservient to the arid calculations of the economist. 

But this is not the point at all, Y/e are short of resources for higher 
education. There are times when the only right tiling to do, if you 
are short of resources, is to demand more. The present, however, 
is not a moment at which such demands stand much chance of success: 
to prove that one needs to be more expensive, when the country is notable 
for its economic failures and the Secretary of State has at hand a 
possibly cheaper alternative in the other part of the binary system, 
would not be likely to yield much satisfaction* Consequently we must 
look to the best use of the resources we already commarid. This is 
not an attack on academic values: it is their defence in times of 

hardship. 



For, of course, the making of choices about scarce resources which 
have alternative uses is inescapable. , Although many of you are, I am 
sure, dedicated to the belief that a library can never be too large, it 
is obvious that a university which spent all its money on its library 
and nothing on anything else would, be somewhat ineffective. The answer 
to the question ’ What proportion of recurrent income should be- spent 
on a library? 1 is therefore not 100%. But is it 20%, or 10%, or 6%? 

Is there any rational ground for choosing between these? 



! I n order to answer such questions, we have to have a ’model 1 of a 

| university#: that is, to define what it is intended to produce, to set out 

■ the technology (or the alternative technologies) used to produce the 
\ output, and the resources available: as inputs* The difficulty about doing 

i this is that the., model is insufficiently defined* A university produces - 

i 

t 

! (a) Services of education and training to first degree students 

(b) Services of education and training to higher degree students, 
attenders at short courses etc. ‘ 

(c) New knowledge and new developments of culture or civilisation* 

(d) The service of preserving and rediscovering existing knowledge and 
culture. 



continued . « * 



# Or, of course, a polytechnic or other institution. The allocation of 
resources between different types of institution I do not here discuss, 
though it could be treated in a similar manner. 
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Th e library has a special importance in relation to the last function, 
which is often forgotten because of our habit of making a dichotomy 
•of teaching' and 'research 1 . 

Within the two teaching functions, the balance between different types 
of course is seldom dictated from outside the university. It is 
loosely constrained by the preferences of entrants, which in turn may be 
oosely related to ideas, commonly formed on partial, misleading or 
ou of- date facts, about the ultimate value (financial or cultural) of 
the education they choose. But within wide limits what universities 
do to determine the balance of courses is a sort of academic guess, 
unrelated to market forces. The guess emerges from whatever the 
decision-making process in the university happens to be. Even so 
however it may be possible to reallocate resources so as to give ’a new 
so u ion (within the constraints) which is more acceptable to the 
decision-makers. This is a long way off saying that it is ‘right 1 in 

any a so ute sense, but it is a move towards a greater satisfaction of 
a dominant group. 

Similarly, the relation between the 'teaching' and 'research' functions 
is only loosely determined. It is commonly supposed, though without 
any very strong evidence, that if research falls too much the quality 
of teaching will decline: because this is widely believed, and because 
research is to some people more fun than teaching, a^ single university 
which allowed the proportion of research tb decline might well suffer 
T. a £ _ na ility to attract good staff. At the other extreme, an institution 
whmh has too much research runs danger of being regarded as so 
expensive that it will fail to attract adequate grants. But within a wide 
range, the research proportion is whatever the university decides, or 
more often, allows to happen without a conscious decision. Since most 
university research is a long way, : conceptually or in time, from a 
relation to the judgements of the market place, the allocation of resour 
between different types of research is almost totally arbitrary or 
accidental. Pathetic attempts are sometimes made to develop a national 
i, eS< ij r j P°J- ic y'* sometimes based on the illusion that a nation can and 
should do a little of everything* but, seen at the level of a particular 
institution, the balance is decided by the numbers and powers of 
advocacy of those who influence decisions, : 



ces 



The preservation function is even less well' determined, since its very • 

1S har f ly appreciated ‘ true that the margins of indeterminacy 

m all these product areas can be 'somewhat reduced by looking at the 

university system as a whole; for instance, this introduces the additional 
constraint (not felt by any one institution) that the system must produce 
enough good graduates to provide its own future staff. But the attempts 
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to lessen the indeterminacy by manpower forecasting have had little 
effect. Future manpower needs can only be very imperfectly described 
- in terms of the demand for particular kinds of specialised training, if 
only because there are so many jobs for which prior training matters 
much less than character, flexibility and willingness to learn. 



In the model of a university, therefore, there will be large elements 
which must be labelled historical accident 1 , or ‘decided by professorial 
prejudice 1 , or 1 vice-canceilarial whim*. But this does not mean that 
improvement is impossible: simply that we cannot identify an absolute 

optimum. It should first be our aim to free the model from contradictions 
(that is to say, features which now or later will cause the violation 
of a constraint), and then to consider various marginal shifts of resources 
and set up principles for deciding whether a shift is or is not an 
improvement# These principles may not be capable of absolute 
justification: we may have to accept a crude test, such as a majority 

view of those affected by a change {assuming all opinions to be equally 
valuable). However, many affairs must be run in this way, in the 
absence of more refined methods. 



O 

RLC 



The resources to be allocated can* be represented by sums of money, to 
be subtracted from this purpose and given to that: or, since the inputs 

into the model themselves have alternative • uses, we may want to 
consider a shift of ‘hourp of staff time 1 , or ‘hours of computer time 1 , 
or ‘hours of building use 1 from one purpose to another. (In the case 
of buildings, the shift from not being used at all is particularly important.) 
There can be no rational discourse on these matters without a prior 
study of the facts of existing use. This is why the Committee of 
Vice-Chancellors has set up studies of the structure of departmental 
and university costs, the uses made of staff time, and the uses of 
buildings and of expensive items of ,• equipment. Unfortunately it is 
difficult to get comparable, d^ta; from the public-sector institutions. 



have so far provide no more 
e, the study of present practice 
you give a department too 



It takes time. .to obtain facts, and -those we 
than preliminary suggestions, Furthermor 
must take account of Parkins on 1 s laws : if 

much staff, ft will develop activities to justify the staff it is given. It 

will not be easy to prove that thefee activities are a waste of time. The 

misallocations which are easily observed, therefore, are less than those 
which actually exist. The kind of information coming forward is as 
follows: '• ' 



(a) In some subjects there are significant 1 economies of scale in 
undergraduate teaching, over a fair range V. The probable meaning of 
this is that; where there is a str^g professional expectation about the 
range of topics to be taught, departments I with only a few students have 
'to be relatively over^ staffed, andpit looks 2 - as though a rough definition 
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of 'too small 1 is ^having less than 120 equivalent full-time students 1 . 



i. e. a student spending a third of his time on a subject counts as 
a third. 



By this standard quite a number of British university departments are 
too small: if, through, lack of demand, they cannot be expanded 

sufficiently in the course of general growth, and if they cannot plead 
the justification of providing an essential ancillary service to other 
departments or of maintaining an essential cultural element within the 
university, it is probable that the money spent on them, if used 
elsewhere in the university, would yield more satisfaction. Of course, 
all such departments will plead justification: the real lesson is for 

university planners - don't start a new activity unless you are confident 
that it can reach a viable level. , 

(b) Some universities have allowed very great disparities to occur 
in their treatment of different subjects. This might be justified if 
selective heavy spending was creating 'centres of excellence', but it is 
not easy to trace a clear relation between heavy spending and quality: 
most of the instances are probably historical accidents which have been 
allowed to persist because data systems have not revealed their existence. 



(c) On the other hand, some places allocate staff, technicians, secretaries 

etc. with great apparent fairness, -> in relation to the student load. But 
such pro rata allocations are only appropriate- if all departments are the 
same size, or there are no economies of rscale: otherwise they imply 

that all benefits from larger departmental : size rest in the department, 
instead of being shared with the rest of the university. A more abstruse 
point is that such calculations commonly use 'weighted 1 student numbers, 
giving a greater weight to graduate;, students, and there is increasing 
evidence that the weights used are. much too high - thuse giving a bonus 

to departments with a lot of graduate work at the expense of the rest. 

(d) We shall soon know a lot more about the way in which university 
academic staff use their - time. This will .not give an exact allocation 

^between teaching and research, because some time is used to the 
benefit of both these activities: but at least we shall be • ablu tc see 

roughly how the division of time varies between • differ ent . universities, 
faculties or grades of staff, and this will give a firm, basis for arguing 
about what it ought to be. At present time is often assumed to be 
divided fifty-fifty, this being the jplausible assumption to make if one is 
totally ignorant about the truth. |i . 

■ • . ■ • . f ; . V . • * 
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(e) We can. now document in. considerable detail the use made of 
various kinds of university building. It is plain that in a great many 
cases this use could be substantially increased, even by measures 
which do not involve any reorganisation of the university year. However, 
it must be remembered that a university uses labour much more than, 
capital: if capital costs were properly charged and amortised, they 

would not be more than 10-15% of total costs. Furthermore, 
universities have hitherto had absolutely no incentive to economise 
on capital, because any savings made have not been transfer rable 
to other areas of expenditure. 



(f) There is of course a national advantage in economising on capital, 
which is especially attractive to the Treasury because one might be 
able to have a period in which ve*y little was spent on university 
building. Studies have been made, both in this university and nationally, 
of the possibility of achieving a big saving by rearranging the university 
year for continuous operation. These studies reveal technical difficulties 
which are much more severe for; ,a three— year degree than for an 
American four*»year degree: and 'the present evidence is that this 

particular reallocation of resources would not be worthwhile. 



Let me, however, return to the problem Which I mentioned earlier: 
how much should be spent on a university library? The element here 
which is most readily assessed is, I think, the requirements of students 
on set courses.. Even this, of course, depends on how many books they 
buy: it would be logical (though,. I fear, impossibly unpopular) if, 

instead of an indicated but seldom; used sum within the maintenance 
grant, standard textbooks were available on prolonged loan from the 
library, which would thus be able to assess accurately the number of 
copies needed. No system will, of course, be proof against the folly 
of a lecturer who tells a class of ; ; 300 to ‘read an obscure article, 
existing only. -in a single bound volume of :, a journal: but generally, 

even allowing for our lack of knowledge of what students buy for themselve 
steps can be taken to regulate book purchase and lending policy so as to 
maintain a prescribed level of cbasume r satisfaction, which can be 
measured iji terms of success in, qbtainiiig a book on demand or within 
a short waiting period. • 

Generally, however, university libraries are much larger than can be 
justified by immediate student needs. What can we say of the function 
of preserving knowledge and being: a repository of culture? It might 
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seem that all that is needed is to btiild a sufficiently large vault or 
pyramid in Bloomsbury or Boston Spa, within whose burial chambers 
would be interred a collection more splendid than .we have yet seen. 
However, culture is really preserved, not by. books alone, but by'' 
the interaction between them and generations of scholars,, - This means 
that the 'preservation' function can be treated as closely similar to 
the provision of reference material for research. The question to 
be answered is - how much should be provided locally for a particular 
community of scholars, and how much can be distant by a few hours 
in some central place, or available centrally within a day or two in 
loan or copy form? 



I do not think that we can give sensible answers to these questions 
without more accurate knowledge of how a scholar in a particular 
dis cipline uses a library. Scientists commonly think of this use in 
terms of 1 information retrieval': that is to say, a precise question 

is put to the library (or, in future/' : to the computer), which presents 
an answer. To what compound doe's nthis spectrum relate? Has anyone 
synthesised this substance before?' - It looks- as though a great deal of 
this is capable of centralisation, witjxout serious waste of time. In 
addition, of course, the scientist \tfants to 'leaf through 1 abstracts of 
recent work, so as to see what is going on" and what significant 
discoveries have been made: this argues for a local library haying 
a full complement of abstracting journals, and a quick access to loans 
of particular journal:, articles . But -a; student of literature or of history 
is likely to want to refer, in a short time, ' to a large number of works: 
different editions of a particular- book, related material 'about the period, 
primary and secondary sources which exhibit the meaning of some 
obscurity. This process is intolerably slowed down if each peripheral 
enquiry involves a reference or a visit to another place; and the question 
being asked may be much more difficult to : put in a precise form than 
in the case of the scientist, and therefore computerisation may yield 
an unmanageable mess of references^ Technically a collection of printed 
books, convenient for 'browsing', is.jhard to beat as material for the 
kind of research which involves numerous ill-defined peripheral enquiries. 
It would still be possible for the 3‘cl^plar to'^ concentrate his teaching in 
one part of the year, and then migrate to an attic in Bloomsbury (or 
travel daily to„s.om.e_.great_pr.ovinciai) library) so as to have access to, 
a wealth of material for research.^- [Some will do this: others will be 

prevented by their ties of responsibility: others will find it intolerable 

that an idea cannot be brought to the anvil, = white-hot, to be fashioned 
into a paper, 1 but must be put away -until the next time . there is a chance 
to travel to a good library, ,-:v; 



One could found on such arguments 1 " 1 a case ’for a substantial library in 
the place where scholars (of certaihi’ disciplines) live and work: but a 

lot more information is needed about the ha'bits of scholars before one 
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could translate this into a system for quantifying how large the library 
should be/ The worthwhile world literature in economics probably 
costs about £5000 per year, excluding the 130 principal journals and a 
very lai^ge number of Government publications: if a library bought all 

this, one could discover over a period which publications were never used, 
and which were used so rarely that the cost of shelf- space and 
management would exceed the cost of sending users by Rolls-Royce to 
London and boarding them at the Hilton. The difficulty, however, is to 
infer what mig ht have been wpth while among things which have not been 
bought: and even a guess at this requires a close study of the actual 

research habits of. economists. 



My general conclusion, therefore, is that it is a worthwhile exercise, 
in defence of the true values of higher education, to attempt a more 
systematic allocation of resources: but that our efforts to do this must 

for the present he of a very preliminary, partial and tentative kind, 
partly because the theoretical problems of allocation are difficult, but 
mainly because the substructure of ; facts is incomplete, and can only 
be built slowly, ; Still more difficult ’is the , allocation of national 
resources between ' diff erent types of ;higher education, which at present 
must be largely a matter of guesswork or political preconception, 

I hope, therefore, that those who rebeive tiresome enquiries into the 
facts of their academic life will appreciate that in the long run they 
will be helping to defend and improve the academies they serve. 




. i . 
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Maximising the Benefits from Library Resources 



The usual approach to information problems is to find out 
the needs of students/teachers/researchers and then 
attempt to provide for these needs as cneaply o.s possible* 
This has the merit of treating the present members of an 
organisation as the most important. It takes into account 
the fact that the reproduction of research findings is far 
cheaper than their production. In practice it does not 
work very well, partly because the needs are difficult to 
discover , £>ut also for oilier reasons. 

Most organisations, and universities in particular, are 
severely limited in their actions by decisions taken in 
the past. A university library has a building, a book- 
stock and a team of skilled workers. None of these 
resources can be changed significantly on a month-to-month 
basis. Of course, small re-arrangements to the building 
are possible; proportionately small: additions to the col- 
lection of monographs and serials occur continuously; there, 
may even be some change in staff. However, an expansion 
of students/teachers/researchers which necessitates a new 
library is a major top-level decision within the university. 
So is a change of fields of 'study large enough to render 
the existing bookstock useless. All this suggests that an 
alternative approach may be worthwhile. Instead of taking 
needs as given ana finding how to meet these needs at 
minimum cost, we can take resources as given and find out 
how to maximise the benefit from these resources. 

The “needs" approach requires a continuous re-arrangement 
of the fruits of the past to ease the research of the 
present. The "maximising" approach: requires some adapta- 
bility by present researchers; in order to gain from the 
fruits of the past.. Perhaps the latter is equally realistic 
If one is presented with an;- island :of seagulls’ droppings 
one can hold one’s nose or one can find the nitrogen content 
but the clever man will do both. 

This paper is about the "maximising" approach. It does not 
pretend that this is superior to the "needs” approach, but 
rather a complement to it. 'The "needs" approach is essen- 
tial for long term planning )' r.the "maximising" approach 
seems preferable for month-to-month planning and it yields 
some insights into the preferences of library users which 
may contribute to an understanding : of their needs. 
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In Part I a library in fairyland is discussed in some detail. 
This unrealistic out simple example allows many of the prin- 
ciples of linear programming to be outlined, and some illus- 
trations of the usefulness of the technique are given. The 
approach is seen to rely upon a knowledge or the relative 
importance of the different library activities and two methods 
of measuring this are proposed in Part II. 

In Part III the method is used an a real example, the Arts/ 
Social Science Library in the University of Durham. The 
implications of changes in users* preferences, or changes in 
the' resources available/ or changes in library technology 
can be assessed by a few seconds 1 time on a computer. 

I A library in fairyland 

This library engages in two activities: answering queries 

and lending books. There is- no shortage of books and no 
shortage of space. The only resources that are scarce are 
three different sorts of labour: senior librarians, junior 

librarians and clerical labour. The problem facing the 
library is to decide how much; of these two services it should 
provide each day, given that- resources are limited. The 
library is motivated to find the best combination because it 
receives 7 shillings per query answered and 10 shillings per 
loan, and it wants to maximise profits. (The prices are an 
indicator of the strength of ■■ demand for the services. Where 
they came from is another matter! We can assume for the 
moment that there are many libraries: competing with each 
other, but in Part II this assumption will turn out to be un- 
necessary. ) 



First the maximum amounts of queries' and loans which the 
library could produce are fCund. This involves rinding how 
much of each resource is available and how much of each 
resource ■ is needed to producb; ; one unit of each activity. 

There are 980 minutes of seniors' time available each day, 
and it ■ takes 11 minutes of this to contribute to the answer 
to one ' query and 2 minutes toj contribut e to the provision of 
one loan! The constraint on library activities imposed by 
the shortage of senior librarians can be described as 

11 Q + 2' L ; & 980 

when the ■ numbers refer to miniates of- seniors' time, Q is the 
number of queries answered in^a day, and L is the number of 
loans made. The total commitment must be less than or equal 
to the total available. Both junior librarians and clerks 
are alsoneeded before the activities are completed, but the 
constraint imposed by only bh<e shortage of seniors is illustrated 



3 



in Figure 1. Any point outside the triangle is impossible 
because of the way the problem is defined. Any point 
inside is inefficient because with the relationships as 
given more could be produced. Only on the borders of the 
triangle is production both possible and technically effici 
ent . 

Jhere are 400 minutes of juniors' time available each day; 
it takes 3 minutes of this time to contribute to answering 
a query and 5 minutes for a loan. There are lOO minutes 
of clerks’ time available each day; it takes one minute of 
this to contribute to a query and one minute for a loan. 

All this can be summarised in Table 1. 

Table 1 



i 

j 


Amount needed per unit of 


Amount 


Resource 


o 1 


i. • L 


available 


Senior 


11 


2 


980 


Junior 


3 


5 •: 


■ 400 


Clerical 


1 


1 ! 

i 


lOO 



In Figure 2, the three constraints are shown. The. border 
oabcd encloses the possible combinations of Q and L. This 
area, including its boundary-, is the set of production pos- 
sibilities. Points to the north-east of ab are impossible 
because there is not enough clerical labour, of be because 
of insufficient junior labour, of cd because of insufficient 
senior minutes. Points west, of oa and south of od are 
meaningless because negative quantities of Q and L are im- 
possible. 

Since the' library receives 7 shillings for each query 
answered and 10 shillings for each' loan, the total profit 
will be 7Q + 10L. The next table shows the combinations 
of Q and L represented by the corners of the set of 
production possibilities (all numbers are rounded down) 
and the profit which results . from this combination. 





q 


L 


Profit 


a 


• o; 


80 


800 


b 


50.. !. 


50 


850 


c 


8&' 

>; . ! 


13 


.732 


a 


89 


0 


623 
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The economically efficient combination is at, b, when the 
library answers 50 queries and provides 50 loans each day. 

A chancre in demand ' , 

Suppose that the community served by the library now con- 
tains an increased number of technologists so thac. the 
demand for the query answering service increases. The 

price of queries goes up to 11- shillings and the price Oj- 
loans stays at 10 shillings. The library is now trying to 

maximise the profit function 11Q + 10L. When Q = 50 and 
L = 50 the profit increases from 7Q + 10L = 850 to 
11Q -i- 10L - 1050 shillings. However the ratio of prices 

has now changed. When this happens the library hunts 
around for another blend of activities to see if reduc- 
tion in L and an increase in Q would be worth while. At c, 

in Figure 2, 11Q + 10L — ll-(86) + 10(13) — 1076, so the 

new blend is more prof itable , at the : new prices. 

In Figures 3 and 4, the two profit functions are illustrated 
Each function is a family of lines of equal slope, and the 
choice of which blend of activities' to produce depends on 
the slope. Note that the slope depends on the ratio of 

prices rather than on the absolute -prices. The price ratio 

shows how the community would be prepared to swap one acti- 
vity for the other, and this is alb that is needed in order 
to decide what blend of activities to produce from given 
resources. The total profit;- is useful in order to decide 

whether to expand or contract the library as a whole; it 
shows whether resources are better used in the library or 
rather in other organisations in the community. This dif- 

ference between relatives and absolutes becomes very impor 
tant when we descend from fairyland. 

An increase in resources 

An increase in clerical time available from 100 to 112 
minutes a day allows the production possibilities- to be 
increased to Q = 83 and L * :29. In Figure 5 the increased 

level of this resource is shown by the dotted line. At the 
point e all three types of labour are used fully, as shown 
by the meeting of the three lines. l : No type of labour is a 
bottleneck and none is idle.-- If trained labour could be 
hired easily, or if labour -could be fired easily without 
leading to insecurity, this: position could be achieved by 
trial and error. In practice many libraries do seem to be 

near this point except during a period following some major 
change. \ •' >• ' 
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A more flexible labour force 

Both clerical workers and junior librarians require a 
short training period and a similar background of general 
education. Xf there were more flexibility between these 
two types of labour they could be considered as one type. 
In this case the two constraints could be merged into one 
constraint. 



3Q + 5L = 400 ) 
Q + L = 100 ) 



become 4Q + 6L = 500 



Figure 6 shows the new single constraint as a dotted line 
replacing the two constraints, one for juniors and' one for 
clerks. Provided production occurs at b, this increased 
flexibility does not allow any increase in production. 

However, as soon as demand conditions change so that a 
movement away from b is justified, the flexibility leads 
to a greater output than would be possible when the old 
division of labour applied. . ‘ , 

A change in technology 

A new aid to information work allows a reduction in the 
amount of senior and junior librarians' time required to 
answer queries. Xf the innovation were adopted the seniors 
would need to spend only 9 minutes per -'erv instead of the 
11 needed at present; the juniors' ruery would be 

reduced from 3 minutes to 2." How ■ ae .i^ects of the 

aid be calculated to find out, whether (.lie innovation is 
profitable enough to justify £he costs of adopting" it? 

The present set of production- possibilities was given by: 

11Q + 2L : "= 980 minutes of senior librarians’ time 

3Q + 5L =- 400 minutes of junior librarians' time 

Q +,. L. = 100 minutes of clerical time 

If the new aid were adopted,:; the production possibilities 
would become: ' . • 

9Q + 2L = 980 ’ 

2Q + 5L :.= 400 

Q + l; = 100 

When the prices were 7 shillings for queries and 10 shillings 
for loans / the mostpro fit able combination of activities was 
shown as point b, but at this 1 point' all of the time of the 
senior librarians was not used up. Therefore any further 
saving in senior librarians 1 ' i/time would be worthless. 




However the saving in juniors' time would allow an increase 
in production. This increase would be very much more 
marked if the amount of clerical minutes available were 
increased at the same time that the innoya/tion was adopted. 
Removing one bottleneck often creates- another which is far 
cheaper to remove. 

The new aid becomes more profitable if the price of queries 
increase; to 11 shillings, so it might be worth while 
adopting the innovation in anticipation of an increased 
number of library users who were technologists. The profit 
ability of the innovation depends on which set of prices 
prevails and how much clerical labour is available. 

In a situation where a number of different policy changes 
are possible, the various outcomes can be calculated and 
tabulated as in this example; shown in Table 2. 




These examples are given to. show the many uses to which 
a linear programming approach can be put. Unfortunately 
the approach depends upon a knowledge of the prices which 
can be obtained for the services of the library. The 
university is not a market economy and there are no prices. 
Obviously a university cannot use quite the same methods 
of planning that were appropriate in fairyland. 



II Plannimg- without actual prices 

Let us suppose for. the moment that we know the range of 
activities that the library- could have produced; we know 
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the actual hi end that the library did produce, and we know 
that the library was economically efficient. Under these 
circumstances can we deduce the prices that must have been 
prevailing at the time? 

In terms of the example of Figure 2, if we know the produc- 
tion possibilities and if we observe that production occurs 
at b, can we deduce the prices? At least we know that if b 
is the economically efficient combination, then the slope 
of the profit function must be on or between the slope of 
the constraint ab and the slope of the constraint be. Now 
ab is the junior librarian constraint, 3Q + 5L = 400, whose 
downward slope is and be is the clerical constraint, 

Q + L — lOO, whose slope is 1. Therefore the profit func- 
tion has a slope of between — and 1. But this slope gives 
the price ratios. It tells us that if the price of a loan 
is one unit, then the price of a query answered is between 

4- and 1 units, 
o 

Alternatively, we might observe that production occurs at 
c. This is where the clerical constraint be meets the 
seniors constraint cd. The slope of the clerical constraint, 
Q + L = lOO, is 1, and the slope of bhe seniors constraint, 
11Q + 2L = 980 is The slope of the profit function must 

be between 1 and—. So if the price of a loan is one unit 
the price of a query answered is between 1 and units. 

At least this method sets a limit to the range of price 
ratios. In some circumstances this : range can be quite 
narrow and can give close approximations to the relative 
impo ance of the library activities. If a library is 
e ' tie. :l, and if the formal- and informal communication 
sy^t<„ ,.i within a university are functioning properly, then 
observation of the library allows numbers to be put to the 
relative value of the various .. library activities. These 
numbers '.are relative rather than absolute, - but they provide 
sufficient information to allow library planning to take 
place. (More complicated examples Can be solved using 
trigonometric techniques.) 

. .... /■ ' ' : 

Most people seem to find the*’' .idea of swapping* easier to 
understand than the idea of pricing*^ so discussion is mers 
likely to be informative if it is conducted in terms of 
swap-rates rather than priced-ratios i (A swap-rate is tha 
inverse of a price-ratio. .. Iff- the r&tio of trie price of Q. 
to the prs" a of L.is «—• = 0. 6 b. i; then users are prepared to 
swap . ■ 1- .56 of Q for naie 0[f;L r or: about 17 for lO) . 
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In many cases the range of ratios is so large as to be 
unhelpful- An alternative approach will be shown to be 
more precise although it does need more data. 

Using economic theory to int erpret pest — dec i s ion s 

The university library is a major supplier of information 
services within the university. With any one of the 
services that the library supplies, the benefit will inc 
rease quite rapidly at first as the service passes the 
threshold of awareness of users and as the users come to 
feel able to rely on the service and assess it. Xf the 
service is expanded further the benefit from it will con- 
tinue to increase, but less and less quickly. In some 
cases a service could be expanded to a level where users 
are over— loaded with information and the total benefit .from 
the service actually decreases. The crucial variable i.s 
the benefit obtained from the; last unit of the service, -he 
marginal benefit. Although crucial,: this variable is urn 
known. However, it can be imputed by examining the way ±n 
which costs are incurred in ithe library (see Figure 7) _ 



Over a r> ~ d of a year or twp the library has the oppar 
tunity to .-cyust the amount Of many -of the resources which 
it ha s available. In the previous section we had assumed 
that these were fixed because. we were dealing with, only 
short periods of time. The total of the resources wi] — L 
depend on the size of the budget, but the mix of resources 
will change as demand conditions change and call for chan ges 
in the blend of activities. : -Since the library knows the 
cost of these resources and has a fair idea of the amousn 
of . each resource that is needed to produce a unit of each 
activity,^ it also knows the : cost of a unit of each" activity. 
(In economic jargon, these costs ate medium- run average 
variable 'costs and we assume here that they are close ap- 
proximations to short run marginal hosts. In cost accxonrn- 
tancy teirms, they are unit dojats which do not include any 
allocation for overheads.) 
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An efficient library will adjust the blend of its actfctr- 
. ties in such a way that £1 Worth off resources devoted to 
one activity could not give better value if it were dsrccted 
to another activity. If the 1 library is trying to get the 
most 1 -oh a limited budget, 'it will-i continue to expand 
partic I'-ar library activity up to the point where a £ — or 
budget ould be better spent , On increasing another actrrvity . 
But t: .s is to say that the ' librarian (or rather the ccglsx 

commi -ee system that decfLde$: such matters) has an inhui — — ve 
idea of the benefit to be obtained from the last unit exf any_ 
activity' that is provided. • W:e are ’assuming that the ^scginal 



costs of, and the marginal benefits 
of the library are known. (In Part 
assumptions is given and they pass. 

Suppose that the marginal cost of activity x is ten times 
the marginal cost of activity y, and the librarian is 
allocating variable resources efficiently. In this case 
the librarian must judge that the last unit of activity x 
is worth, to the community served, ten times as much as 
tha last unit of activity y. The ratio of marginal costs 
equals the ratio of marginal benefits. vtfriting MC for 
marginal costs, MB for marginal benefits, and subscripts- x 
and y to denote the two activities : 

MC MB 

X _ X 

MC ~ MB 
Y ;; Y 

Rearranging ana generalising; to more than two activities: 



from, the activities 
III a test of these 
so read oni ) 



M3 : MB • • ■ MB 

„ x _ y __ ' z 

MC ~ MC ~ MC 

X y ’’ z 



where k is some constant (and on the assumption that 
libraries are economically useful, k is greater than one) . 



So MB = k.MC _ and the value, bf the . last unit of each 
activity can Ise found by multiplying the marginal cost by 
k. . 

But if we are planning only .small changes in library activi 
ties, the marginal benefit ban be assumed to stay fairly 
constant. Writing x, y, z as subscripts to denote. which 
activity, and as variables to denote the level of the acti- 
vity, we can compare two different Blends of outputs by 
comparing two different numerical values of x, y, z in the 
following expression: . .. 

M3 'x + ME .y + ....... + MB .z 

■ x Y z • 

which is- the same expression as: 



k-MC .x + k.MC .y + . .’il.js . . 4- k.MC . z 

x y . ; • z 

* - . ’ . , ; % 

Ther'sfore small changes in the blend of library activities 
can oe assessed by using the. expression: 



MC - x + MC . y -h 

x y 



MC 









since this is the profit function as used in Part X. The 
k can be omitted, because only the ratios are relevant. 

The reasoning can be reversed. Xf the marginal costs are 
known, the ratio of marginal benefits can be imputed from 
these. 



Ill Application to the Durham Arts/Social Science Library 



Assessing the relative importance of library activities 

The choice of library activities to be considered depends 
on the sort of problems which are relevant to short-term 
planning. Our choice was influenced by problems such as: 
What is the relative importance of an inter-library loan 
compared with purchasing a book? How important are user- 
services compared with other activities? 

The classification of activities must be done in a way 
that is mutually exclusive and allows quantification. It 
need not be exhaustive although the following list does 
cover the major activities at Durham. The list gives those 
activities which were considered together with the units of 
measurement. The code letters are provided to aid cross- 
reference in the tables. 

I Increasing , the stoat, measured in number of items 

added during the period considered (the 9 weeks of 
the Summer Term, 19SB) . 

OILZL Obtaining inter-library loans , number of items . 

DML Providing library matreriaZLs far consultation in the 
library , number of trser-hours spent using library 
material. 

LL Issuing items on long loan (2— week recall) , number 
of items issued. 

SL Issuing items on short loan (4-hour or overnight) „ 
number of items issued. 
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us Senior librarians giving advice to users , number 

or "hours spent on this activity by senior librarians. 

UJ librarians helping users, number of hours 

spent by junior librarians on this activity. 

, For other problems a different or a more detailed classi- 
fication of activities may be appropriate. 

The resources which must be taken into consideration include 
all .those which limit the expansion of library activities . 

One very peculiar omission from the list of resources is the 
bookstock. This is because we are considering as activities 
the various ways in which use can be made of the existing 
bookstock, combined with one activity for keeping the book- 
stock up to date. The list of resources is given below. 

s Senior librarians, man-minutes available for the listed 

activities during' the time period under consideration 
(9 weeks) . 

J Junior librarians , mam-minutes. 

C Clerical staff , man— mihutes . 

P Porters, man— minutes 

The budget available fon purchasing books, in: shillings. 

J3_ea/ts, seat— hours, being the number of seats: times 
the hours that the library is ".open. 

Shelving , spare shelving, in feet. 



The resources required per unit of each activity and the 
total resources available are giver. . in Table 3, which is 
similar in lay-out to Table 1. 
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Table 3 yields koiz of the inforr^ticn rove.:?. vo 
the marginal costs. Zr. practice only vhs h- 

various" tvp os cl labour con be varied in the mecium run. 
A decision markedly to increase toe number or scores or 
shelves involves ouiidioa a new i ourar_ 
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is uhereiore 

lone-term decision. Since me oueget os already measured 
in monsv terms, only tie o if fsoeon nour.±.y mc-our cos^.o need 
to be found in order tc ca_cui:-m me rrarcinc-t :_o _i.e 

different activities. However , Table 3 dees ro '"\ 'i" i Y e ev3n 
an asproximate picture of the product ior. possibilities or 
the library. In mathematical -arms., each column represents 
a variable? the rows could represent an equation, but only 
if all the. resource is used up during the period. an prac- 
tice the last two rows are not equations but inequalities . 

oroblem is nor. yet properly defined. 



This shows us that fr.e 



There are a number of additional cop.strair.ts wmcr. in prac- 
tice a.re- limiting the production possibilities or tut; 
library. The various resources may 'be more .laitin g than 
our figures show. Senior - librarians may be mere specialised 
than our • classification has 0,1 lowed : some are cutaloguers, 

some specialise' ir. user- services, and if may be duficuu to 
change" from job tc job. -b. I:: all the shelving:: were to 

be used up during this period/— ! 
library at the beginning of t' : ' 
were to continue 'to be brougl 



mere ’.would have to be a new 
next tserlod : ' new' stock 
bx... the .vent of shel- 



ving available civt nc> the pres... . port.v -.op a nut on the 

investment plans of the university, which depend in turn on 
the metaphysics of the U_. G.C. 



Juoart • f rom the resource constraints: there are also demand 
constraints. The .Library may be ab_e to provide mo^e of ^ 
■certain, activities but the '•relatively small population of 
users may' not want such activities iSbyond a certain level. 
In ari ■institution ' which engages' in "teaching^ and research 
the f abb/: that users do not want certain activities, cayond 
a certain ■ level is not the . same as. sayipg'- that the. 
benefit of these activities is zero,- because the maj _ 
b'enefit bis an assessment made on behalf of ■ the... institution 
as 'a : whole and hot by individual, users xor themselves.;,..,^ ... . 
Most of us feel, that" everyone else should, use the library 
more . - /: 



Ip ordef -to postpone : consideration oi tnese Gif j. icul cies 
but also; to convey the impression that certain activities 
of the library are so important that they must be made 
available in all circumstances, we impose three demand 
constraints on the problem./ These state tnac the number 
• of/ long loans •, ('LL) and short ..loans' (SI.} , and the number of 
/hours spent by users. using,; library-. material in the. j-ibrary 
( LML ) .- / must, be greater than bryequal to the levels wbxich 
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actually occurred during the period. This completes the 
set of production possibilities. 

Note that our problem at the moment is to find measures 
of the relative importance of library activities. To do 
this the actual levels of these activities are data. It 
is only after we have these measures that we can plan 
ahead to find the effects of changing the levels. There- 
fore it is not tautologous to take what actually occurred 
and deduce from this the measures of relative importance. 



.Table 4 gives in the. first row the marginal costs in 
shillings of the activities. The second row gives the 
levels of the activities that would be predicted by using 
the marginal costs as the weights in the profit function 
(these weights are used in the same way that the prices 
were used in Part I) y this is ,a calculation performed by 
the computer. The third row gives the observed levels 
that the library did produce. 
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Tab 1 e 4 





I 


OILL 


• ; LML Sj 


LL 


SL 


:US 


UJ 


Marginal, cost 


89.4 


17.8.: 


\ ~ ! 

. 064' 


. 896 


.40 


24 


8.. 8; 


Predicted level 


1533 


209 ; ' 


57, 567' 


15000 


1000 


203 


57 


Actual level 


1533 


2 44r 


. .53 , 700: 


15000 


1000 


205 


40 



As a first approximation idns is reasonable. It seems that 
an intuitive idea of costs does influence libra- 

rians in the way they a-liscat'e resources. Unfortunately we 
were particularly inteisggfe e ^. >:in comparing the values of 
additions to stock (I) vifk inter-library loans (OILL) and 
the difference between pxreddcted . and actual is marked here. 

Table 5 shows the weights o:ft*the profit function which 
result in the calculations yielding the same levels of 
iv.it i^s as the observed levels. _ In the second row of 
Table.. 5 these same weights; are expressed in terras of the 
value which is placed on :o;ne ' hour of a senior librarian's 
time.-'. The ratios of the. first and second rows are the 
same/ an^l either row would yield the same result when used: 
in the calculations. 

Usually 'people find that "a numerical approach to values is 
made easier by thinking in cams of swap- rates. The third 
row of Table 5 expresses vits; information of the other rows 
in terms of the number of: un its of each activity that the 
organisation is prepared no swap for one addition to the 
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stock. For example , the figures under 1 and US imply that 
if the university were presented with a choice between' one 
addition to stock and four hours of skilled' user-services; 
-it would choose the reader services; if the choice were 
between one addition to stock and three hours of user- 
services it would choose the addition to stock; a choice 
between one addition and 3.7 hours would leave the univer- 
sity indifferent. The comparison between I and LML will 
be particularly interesting to the teacher . 
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Table 5 





I 


OILL 


LML 


ll ; 
1 


j SL 

i 


US' ' 


' UvJ 


Weighting 


89.6 


17. 8 


. 064 


. 896 


.40 


24 • 


8.8 


Value, 
taking one 
unit of , X 
as 'unity 


3. 7 


0. 74 


.0027 


. 03 7 . 


, ..017- ; 


1 :: 


.3 7 


Swap-rate 
in terms of 
one unit- 

Of ; X ft ■ 


1 


5 


1370 


ICO 

1 


i 217... 


3.7. 


10 



Table 5 gives different - ways of .comparing.; the; v^lues.ooi- 
the library's activities, values to the university which 
haye rbeen: obtained by studying the 1 actual results bf 'the 
decisions taken by the complex system of' committees. A 
first approximation to .the figures, was fc>und. -by -.using the 
margirial costs, of the .activities , but the igufes. rgiyenr 
ih A tb’e table .are not costs:. ■ they are figures showing, the 
r el at iye ^benefits of the. activities. 'Strictly,: weqshou Id 
statplt.h at the library .is behaving as if . these areithe :.-^ 

1 b^latiye b%efits. of -the activities;. , Certainly we should 
take’ any: To pport unity to check the conclusions with the' 
decision-makers concerned. However, the close approxi-rf-': 
mat ion obtained by using the marginal costs. does imply 
that the library knows what fit is doing. . There is , a . 
strong hint here that the library is fairly efficient in 
the economic sense. ’ 

If the conclusion is s imp ly - that the library is economic- 
cally . efficient, of what usd is this technique for 
estimating the effects of library decisions? In the next 
section ithe technique is usdd; to show the implications of 
adopting, an innovation. When; there - is a complicated inter* 
.action between many resources; and .many activities a quick 
method of: calculating "best ‘1 or "approximately best", ways 

' 'Ti ■ ■ ■ 
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of allocating resources is helpful. 

One important qualification to this conclusion about 
efficiency must be borne in mind. The library appears 
to be allocating those resources which can be varied in 
the medium run (one or two years) in such a way that 
particular resources are being used to maximum advantage. 

But this assumes that users are knowledgeable, and that 
is a dangerous assumption to make about an institution 
which engages in teaching and research. Indeed, such an 
assumption threatens the institution's raison d'etre. 

Perhaps a few man-hours devoted to informing users more 
fully about the library' s stock would alter the benefit 
ratios considerably. 

Changing the techno logy 

At the moment of writing, Newcastle University is develo- 
ping a method of automating the ordering and accessioning 
procedure. (inevitably, cataloguing and classification 
remain traditional.) The ndw: method v/ill reduce the 
amount of labour required for the activity "increasing 
the bookstock" (1). We gues-s that the amount of senior 
librarians' time needed will be reduced from 72 minutes 
per item to 60; junior librarians' time will be reduced 
from 18 minutes to 9; clerical workers' time will be 
reduced from 18 minutes to S«: What' would be the effects 

of introducing this innovation? •• 

The first reaction to such a proposed improvement in library 
technique is to assume that a greater increase in the book- 
stock will be' possible than is the case at the moment. 
However, the library is not only constrained by labour but 
also by the budget available for buying the books.: The 

production possibilities are /similar to those shown in 
Figure .5 at the point e: removing one constraint on expan- 

sion leaves others which arerequally constraining.; The 
problem 'is to know which resources to expand in order to 
make the: best use of the innovation. i ; 

One alternative to expanding^the resources would be to 
increase the flexibility of r the labour force by giving 
similar training to juniorsBand clerks. An easier method 
is to - assume that hiring and- firing of juniors, clerks and 
porters are relatively simple and to give to the librarian 
discretion to spend the budget on both books and non- 
graduate labour. This means: that the budget is raised, 
but not .the cost, to the university .< Each activity that 
previously used up the resources of juniors', clerks' and. 
porters' labour time now uses up a proportion of the budget. 




thJ s n?ili r !« P ? rti0n ? e ? erminea ^ the hourlv cost of 
- es e ciinerent types or labour. 
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Table 6 



tres ent- resoir^ ? roposcd changes. ±n column one the 

In column two °h re<Iulrements ^ °ne unit of I are shown, 
column two .he requirements are shown if the innovation 

were to be adopted. Column three shows the new ZS- 

tJeaLd thS "«“** ^ non-graduate iZ «« 
treated as a straight cost. 



Table 6 





I 

Present 

requirement 


Post innovation 
requirement 


Non- graduate 
labour as 
a money cost 


S eniors 


' time 


72 


60 


60 


J uniors 1 


1 time 


18 


9 




Clerks 1 


time 


18 


6 




Porters ' 


time 


CO 

• 

1 — 1 


. ~ 1.8 




Budget 




55.6 


. 55.6 


57.4 



^oSUm 811 the aCtivi ties except increasing the 
booksrock (I), user-services by senior librarians (OS) and 

werrai°befor raria d S <UJ) " USt be at least « IF UUl the- 
ofthe diff b assuming that the relative importance ' 
of the different activities stays thd same (see Table 5) 

the new techniques yield the increases in levels of output 
as shown in Table 7. - s or output 





1 I 


OILL 


LML : 


LL 


SL 


US • 


UJ 


Before 


1533 


244 


53, 700 


15000 


1000 


205 


40 


After 


1610 


248 ' 


53 , 700 


: 15000 


1000 ; 


430 


0 



r^ b Jn e fdSit?°“ U S i nn ° vatii!ii consists of an increase of 
5.7/o in. additions to bookstock- and more than double the 

amount of senior librarians 1 fi me available for user- 

services 'Table 7 also illustrates that the present plan- 

sen? S niqUS C f n be USed onL ^ with "considerable common 

that th erp^r . e . calGula tioh • results in the , recommendation 
hat. there should be no user- services from junior librarians 

79 

If the calculations show that a change of plan results in 

o?oSide? U a lrnPrOVerne b t/ tbS ^<3: of, activities recommended 
provides a convenient method ..of planning the allocation of 



..ptaff within .the library. A new version of Table 3 is 
prepared which takes into account the changed technology, 
and staff are allocated according to the blend of activi- 
ties which are to be produced. 



Summa rv - 

1. Find the set of production possibilities of the 
library. Since the library is the major supplier of 
information services, some demand constraints will be nec- 
essary in addition to the resource constraints. 



2. Use the cost of those resources which can be varied 
over a one or two year period to calculate the marginal 
costs. ■ Use the marginal costs of the activities as a 
first approximation to the weights in the "profit" function. 
Adjust these weights until the. "profit" function, together 
with the set of production pds.sibilities , yields a linear 
programming solution that is- the same as the actual blend 
of activities produced during the period. (This adjust- 
ment is simple if the print-out contains information on 
upper and lower bounds to the weights.) 



3. Translate these weight si- into swap- rates and check 
with the decision-takers. 



4. Use these weights to predict and compare the outcomes 
of possible changes in library policy and techniques. 



Obviously this method of library planning has a number of 
disadvantages. It involves concepts with which many 
librarians will be unfamiliar;. The numerical approach to 
comparative benefits, or the' relative importance of library 
activities, implies an accuracy which is not there/ and 
the- value of approximation is- often ‘least appreciated by 
those who are unfamiliar with quantitative techniques. 1 

However, a first attempt to find measures of relative 
importance is necessarily appro-; : and further experienc 

can increase the accuracy of th^ ;st mates . The computer 
print-out (using Mathematical Programming System) contains 
a large amount of information additional to that mentioned 
in this paper, and this shoWSc where- : the range of values is 
wide. : 



All the data required for this approach are needed anyway 
for elementary library management problems : the time taken 

by a particular type of labour to do a particular job, the 
cost of a unit of a particula;b|activity, the amount of the 
various resources which are'ayailable. 
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The method allows library problems to be tackled one at a 
time, but without losing sight of the whole complex of 
library operations and the objectives of the library- 




19 




20 





Discussion 



Mackem-ie sasfc^a&tfa' bag which w tied him about the Durham technique 
was that .it was ka^ed car what the library of? rather than on the services it 
should provide: t^ese wnre not necessarily ^extensive * Mr, Morley replied that 
by usingr nis ‘techr qr.ie and assuming that library budget was fixed it was possible 
to vary certain objectives within the model and cfetermine how the benefits would be 
affected* 

Mr.. Duchesoe asked Mr. Mo r ley why behind assumed that the short-run marginal 
and the short -rum^e rags costs were equal to due unit costs, and why they were assumed 
to be cansstant. Mr. M<vrley said this was only an assumption because it was not really 
knownio^ these crosts vTjfesk Mr. Mackenzie observed that resent work had indicated 
that, for a variety of reasons, unit costs in the newer universities tended to be lower 
than in the established umiveerHities. 



Dr« Urquharc suggests! that one way to ;-aesess the beneifir of a university library 
would be tto find omt what cossts would be incuxnsd. by the users if a univer sity did not 
have a library. More research was needed totmad out what -people did in the library ; 
it might be possible for a u ni versity library to traction with. a_f arfly low success rate, 
in terms of items being on t foe shelves when thev are wanted, because if a user couM 
immediately get some smalt ^pxrzporrion of his ratal demands he WGailci.be prepared 
to wait for the remainder: to tone as inter -libisrry loans. However, there could be 
cases in literature searching: when one book led: ro another, am irmrght be very costly 
if the first and key book wexenot on the shelve. Mo:. Morley replied that it was 
important to think of the diversity library nor only in terms of : nEtsb rmation retrieval, 
in which case the library responded to a stira&lus, but as itselfcproviding the stimulus 
by being available for birowshsg. 

Mr. Carter said ftftiat Ifc. Morley bad besn try ing to establidkfiow a university 
library could make the best -use of fixed resources, bur universirr administrators 
would like to know what proportion of imiveirs&y resources shouMtiae allocated to 
the library to give maxdimmi benefit to the ^university,. Mr. Morhsr replied that one 
way of doing this woulif be tmsasrsess the cost of alternative services which the 
readersrwould have: to nse,. tfer which bhe university wo&ldhave to pay for, if the 
services provhdecOiy Ifisrsry were remsaved. One obvious result would be that 
Travel allowances wouhfl have Go be Iroea^Hcitto pay for joumeystto other libraries. 

If;a rsnge of such aIteE2H®£re&& were exasminfiii and costed then s:ome idea of the benefit 
provided by tte lilniraiyrTmMti be established. 

Mr. Morley saM Thartfe .Durimm team had acme a. survey of the time students 
spsmt being formally taugjht ami the time they spent in private srw% either in the 
Ifetary or elsewhere. Preliminary results indicated that there was a certain critical 
level somearifeere between twe3b^_and fifteen hours a week; if tl. : :itne spent on 
leictures was increased beyemdthis point a significant fall was aaa&sed in the rime spent 
on priv^e study of both kinds. 

Dr. Urqhuart: sadS that iMvesrigatians should be carried out into where students 
got tfoeix books from; thv?Te mist be a considerable variation from one university to 
an other in the rote played by ties public library in providing curricular reading. In 
nbmdge the pampor tata was probably small, in Manchester and Birmingham quite 
ge- Did the uBiyersr es know this and approve of it? Mr, Longworth said that 

V : - 



public libraries ^vere used to the influx of students during university vacations; but 
he did not obtect tc this, as students are Legitimate public library users. 

Referring to Mr. ZMorley^s paper,. Mr. Vickery asked for an illustration of 
how rthe use or the ^isasMmising 11 approach yielded some insight into the preferences 
of library users. Mr. Morley replied that only a vague insight was obtained but 
they found, for exarnpiie, that only 25% of the readers used in the catalogue. 

Mr. Duchesne asked if it was legitimate to extrapolate from the snapshots of 
the library at varicrsis points dn time to a dynamic situation, and hence to predict 
how the library wonMadter when certain variables were altered. Mr. Morley replied 
that it was possible to predict the generaL shape of the curves using the snapshot 
technique, and 1 the; massumnents cm which the technique depended could be repeated 
as often as required tm obtain information dbout how the system was behaving. 

Mr. Dammers pointed out that, when assessing the change in costs which would 
result with the itdxochicrion of computers, Mr* Morley had not included the cost of 
developing the system. He replied that the Newcastle programmes would be free and 
computer time waff free, but he agreed tfeat for a more realistic figure of the cost 
of the innovations these costs should have been included. Mr, May said that if Mr. 
Morley had appliednhis technique in industry to a particular section in a firm, then 
he migfat/bav© beer accused of sub -optimizing; he wondered if it would have been 
better to look: at the university as a whole. Mr. Morley agreed that there was a 
danger of suboptimizing, but he had really used a measuring technique and he had 
only used an optimization technique im his psper when considering changes in library 
technology. 

Mr. Buckland asked Mr. Morley if he bad considered the interactions between 
the various; services provided by the 1 librar y, and woiaderecLif the effect on other 
services could be calmdiated if more refsourass were put into one particular service. 
Mr , Morley replied ise fead assumed t fast th^r e were no complicated relationships 
between the services, feutthis did not gm eves s t the services being altered and cal- 
culating Qie resulting changes in the benefit. IMr. Carter regretted that it was diffi- 
chLtro decide on the alk^cation of resources between books and equipment; Some 

s;^8 acecf emphasis on ecgmp nrent than on books, and it was a pity that 
there was no guidaitace om the relative benefits of these. 
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Statistical distribution* in documentation and library planning . B.C. Brookes* 
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Introduction 

The application of statistical techniques to scientific documentation is motivated 
by the following objectives:- 



1. To identify the statistical distributions that arise in various aspects of docu- 
mentation because such identification is highly informative per se. 



2. To seek empirical laws, correlations and other relationships between differing 
processes within documentation work when these processes have been statistically des- 
cribed. 

3. To apply any empirical relationships so discovered to make more rational or econ- 
omic t» se of documentation by special libraries and in the p lann ing of information ser- 
vices. 

4. Tq develop a “theory of information and documentation processes. The search for 
a theory is not simply an end in itself but is the only means of giving intellectual 
coherence to a subject which at present is little more than a rag-bag of practical tech- 
niques fend empirically established procedures. Any theory with the hope of unifying 
information "science" and its applications to library planning will have to be essen- 
tial!^ statistical. But effective library planning depends on a better statistical 
picture of books, periodicals and their usage than we have at present. 



At the present time, the needs for statistical data and the usefulness of statis- 
tical techniques are inadequately apprediated by documentalists and so most of the data 
available are incomplete or in some respects untidy; almost every set of data that 
reaches me has to be re-sorted by tedious clerical work. With the increasing use of the 
computer information services, statistical data should become more freely available once 
their value to development and rationalization has been demonstrated. ■; 

For the most part, the statistical distributions that arise in library and docu- 
mentation work are already well-known - the binomial, the Normal or gaussian, the 1 

Poisson , the gamma and their variants -_and the techniques used in analysing these 
standard distributions - such as the "XT, the t and other significance tests - are j 

already being applied to some extent. The important aspect of all this work is to i 

understand the conditions under which particular distributions are likely to arise and 
to recognize the situations which call for particular tests. But such understanding j 

and recognition" requires some apprenticeship in statistical work — there are np short 
puts to the acquiring of the skills needed* j 

In addit ior. , there are some distributions which are peculiar to documentation work . 
and are therefore of practical interest to documentalists. When they are well enough 
established, these distributions will also attract the interest of theoretical statis- 
ticians and we can then hope to: enlist outside help in developing the coherent theory 
and subject needs. l .w.' ;v'- "• ’ 



This paper is therefore restricted to a very brief survey of occurrences of the 
standard distributions that have been noticed in library and documentation work together 
with a more detailed discussion of one of the distributions peculiar to documentation 
- the Bradf ord-Zipf distribution and some of its applications, especially to the 
planning of special library services* ' 
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Occurrences of some standard distributions in documentation* 



1. 



Tha Normal (or GauBBian) and related distributions 



The variate of the Normal probability distribution has the mathematical form 



p(x) = 



exp 



-(x -^r/ 2 « 



a--/ 2/r 

and its "shape" is shown in Fig. 1. 



(- cOjC x <. ) 



(D 



Though the variate x ranges theoretically from - 00 to + *» j almost the total 

area unde? the graph, symmetrical about its mean, lies within + 3 of the ?® an v * lu , e 
area meaeure of the diBperBi on or spread of x about its value. 

TOe‘ ^lLr the' value of »- (the etauderd deviation), the more ooncentrated and compad 

the distribution becomes. 



The Normal distribution occurs very widely - bo widely that those who discovered 
u . importance to biology in the late 19 th century a little too readily assumed that 
It l TlllTA ntrnzl laf of Nature. So by naming it the Normal dintributron they wron, 
imnlied that quantities which did not conform with it were in some sense abnormal. Mo 
anthropometri^data (the heights of men, the sines of their feet, ato.) are normaily 
distributed i.e. most of them are 'near the average’ value and men of exceptional^ heig 
or exceptionally large (or small) feet are relatively rare, so ready-made clothing and 
foot-ware manufacturers know very exactly the relative numbers of different size y 

can hope to sell. 



The Normal distribution arises when the variate x can be^regarded as ^vinga 
basic constant value, ^ , which is subject to independent random errors each of which 
is^equally like ly to increase or to decrease^ by some relatively small amount .It 
is of great theoretical as well as practical importance because it is both the ultimat ; 
ancestor and ultimate descendent of many other ' distributions. It shows 

of form: sums or differences of normal variates are also normally distributed and it 

has many other properties of practical use and theoretical interest. - 

Though the mathematical function of (D iB in^ some respects 
has no simple integral), simple techniques of handling it are well-established and tat, 
o? tSe "normal^robability function" or of the closely related "error function" are , 
readilv sensible. The simplest way of checking whether a likely- looking one-humped j 
™itoioal distribution is in faot Normal is to plot its cumulative sum on "anthmefc, 
probability paper". The distribution is Normal if, and only if» the resulting p o H| 
a straight line, or nearly so. (Fig. 2.) * • j 

An occurrence of the Normal distribution that surprised me arose when following | 
up a clue dropped by John Swets 1 and his proposed measure of I.R. effectiveness. Whei; 
I P plotted Cleverdon’s 2 Aslib/Cranfield results 1 for recall and fall-out on arithmetic 
probability paper they fell fairly closely along straight lines when the variate, was 
Cleverdon's level of ooordinatioB. (Fig. 3. For me th,e implioation is that X.K. 



' IS) 



o 
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Cleverdon's level of coordination * -r 

a process subject to Normal (or Gaussian) noise and that_it should be possible to j 

a theory of I.R., and of indexing, based on this fact. In this case the asi q | 

itv" subject to Normal error is the indexing language description of the contents of, 
document^ 6 There is therefore an inherent "noise level" in every indexinglanguagew^ 
can probably be measured by the degree of overlap in the Swets model of | 

tions of recall and fall-out. However, I do not propose to pursue this analysis fur 
until I have access t6 a computerized I.R. system for expenmenta • | 

Distributions directly related to the Normal arise if it is 
variate x rather than x itself which varies formally. One of ^se, the 1^52^ 3: 
distribution may become of some importance in documentation. In this distribution x 
is log x (which can never be a negative quantity) which is Normally distributed. Xt 6| 

equation is p(x) = ei(p -(log x - ^ ^Rk 2 , (0 ^ 

and its shape is-. shown. ;in-Fig.';4.: _.V: .-^v. '•••. 



x < ) • 






This distribution arises also in economics, biology* nuclear physics and the 
sizing of dust-particles and so techniques for handling it directly are already 
well-established. If the cumulative sum is plotted on probability paper which has 
a log scale for the variate x, the plot is linear if x is ‘log-normal’ • When 
Vickery 2 published his data (J.Doc.) on the distribution of numbers of papers in 
scientific periodicals based on a 1/10 sample of the periodicals held by the N.L.L. , 
I plotted the cumulative sum on log probability paper. The plot shows that the 
distribution is approximately log-normal and so we now know the ’’shape” of the dis- 
tribution of scientific papers among the periodicals. The distribution offers one 
way of describing statistically the totality of scientific periodical literature and 
it should therefore be possible to show that the ’’sum” of all possible scientific 
periodical bibliographies converges to this log-normal form. 

In the log-normal distribution the variate x can also be regarded aB having a 
basic constant value (its mean) which is subject to independent random errors, but 
in this case each of the disturbing factors multiplies the cons tent value by an 
"error” just less than or Just (greater than unity.. 



2. The Poisson and related distributions 



The variate, of the Normal and its related distributions is continuous i.e. it 
is a quantity which can take any value within the range of the distribution and which 
is usually measured in some way. But if we find ourselves counting we are concerned 
with a discrete distribution in which the variate takes only integral values such as 
0, 1, 2, 3, .. (There are exceptions to this statement: if the number of discrete 

values is high enough, it may be convenient, and accurate enough, to regard the vari- 
ate as continuous as in the log-normal example used above.) 

One of the most familiar discrete distributions is the Poisson :- 




(x = 0, 1, 2 4 3, 



.) 



x ... 

This distribution has only one parameter, a, and it can be shown that ' 

the mean, ** a and the h.d, , g*' — . - J 

If ’’events” are randomly scattered in time or" space then their temporal or spatial 
distribution donforms with the Poisson law.. The classical example is von' Borthiewicz ’ s 
data on deaths in the Prussian army from the kicks of a horse — a random enough event 
which conforms closely with the Poisson law. 

Random events occur in special. library and documentation processes too. For 
example, the arrival of customers at the. service desk of a library conforms with the 
Poisson law. The law ’ has now -become the basis of a mathematically sophisticated 
theory of queues from which, for example, the optimum number of service points for 
queues with different statistical laws of Arrival and departure can be calculated. 

But one of the snags of using the. Poisson law in library processes is that though the 
situations in which it is likely to be applicable are easily recognized, it cannot sbe 
applied until the value of a : has been . determined i.e. prediction based on Poisson 
analysis is liable to be rather post hoc unless the. value of a is already known - in 
which case any practical: queueing problems that arise have already been experienced 
and may already have been resolved.:! However, it would be useful, for example, in 
planning expansion of the : number of ' service poihtB required if the number of users : 
were expected, to; increasq — but. essentially on the basis of past experience. .But it 
must be stressed that confident statistical analysis of queueing problems demands 
mathematical competence. 



3. The negative exponential and related distributions 

If events occur at random- in.- time: or along a iline , the intervals between these* 



events, a continuous • variate « , are • distributed according to the negative exponential. 
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Tjiis law arises in the ageing of periodical literature and will be used in a 
later section of this paper. In the context of ageing the law is a simplification, 
possibly an over-simplification, of a law of a more general form of which the law 
above is the simplest member. The more general form, the gamma distribution has the 
mathematical form:- 

j5 ■ ' 

p( t) = -y-i t n e , (0 ^ t ^ ) • • . » * • • (2) 

When t is small, the factor t n dominates: as t increases, the negative exponential 
factor gradually takes over and the value of p(t) declines towards zero. (Fig. 6) 

The above distributions are widely used in reliability theory in which the life 
of mass-produced components confirms with variants of (2). If O) iB applicable* 
reliability theory yields a result for the life of a multiple component which consists 
of n elemental components working in parallel: the multiple component continues to 

ot ! -.ate until the last of the elemental components fails. The mean time to failure 
of the multiple component is increased by a factor which depends on n:- 




This factor represents a law of diminishing returns: if n is 2, the factor is 1.50* 
if n is 3, the factor is 1.83; and so on. But the intriguing aspect of the factor is h 
that it is also a Zipf distribution and so suggests that periodical literature which 
conforms with this law (discussed in a later section) also offers the user a law of 
diminishing returns as the size of ary bibliography he is interested in increases. 

The practical handling of these exponential distributions is usually helped by { 
the use of semi— log graph paper in which the log scale is used for the ordinate p(t)./ 

• i 

Statistical distributions in general | 

The distributions mentioned above have been grouped in a way which might suggest that \ 
they form independent entities. But in fact- they form a closely inter— related family, 
with an underlying web of relationships. For example, the Poisson and Normal laws 
can both be derived from the Binomial law: and the Poisson law reverts to the Normal 

law as a increases indefinitely. One advantage of developing the statistics of docu- 
mentation is that this web of underlying statistical relationships can help to link • 
documentation and library usage phenomena which are still regarded as unrelated. 




The Bradford-2Ipf law of scatter of periodical literature 

If all the issues of all the periodicals which publish papers reievaht to a well- 
definecj scientific topic are collected together for a period of* say, one year, the ^ 
number !of relevant papers published by each contributing periodical can be counted 
When the count is known, the periodicals can be arranged in order of decreasing produc- 
tivity. The periodical ranked 1 may well be one which is almost wholly devoted to the 
particular subject or it could be a more general scientific periodical, such as Nature 
or Science published frequently and containing large numbers of short articles and * 
letters. In all subjects there will be further periodicals which contain substantial, 
numbers of papers relevant to the subject. But there will also be a long tail of 
periodicals - about half the total number of contributing periodicals, which only con- 
tribute on average between one and twer-re levant— papers per annum. The cumulative 
totals, R(n), of the numbers of relevant papers are then found. Thus R(1) is the total 
of relevant papers in the periodical ranked 1: R(2) is the total of relevant papers , in 

the periodicals ranked 1 and 2 and R(n) is the total of relevant papers in the first n 
of the ranked periodicals. 

When successive values of R(n) are plotted against n on semi- logarithmic graph 
paper, the graph will' be found to begin with a rising curve which runs, sooner or later, 
into a surprisingly smooth straight line. (Fig. 6.) The useful feature of this "bib- 
liograph" is that if enough data have been collected to ensure that the straight line 
is reached, the end of the line can be predicted. And if the end of the line is known, 
so also is the total number of periodicals which cdntribute at least one paper per annum 
to the scientific subject. The narrower or more specialist the subject, the shorter 
will be the curve which rises to the starting point of the line; in many cases it suf- 
fices to identify and count the productivities of only the 10 most highly productive 
periodicals. 



The equation of the straight line is R(n) - N log n/s where N is the total 
number of periodicals contributing &t least one paper per annum to the subject-^# To 
estimate the value of N it is necessary onjy’to find where the straight line, if continued 
downwards, meets the axis of n. The highest (and therefore the most reliable) values of 
R(n) and n are then substituted in the above equation. We then have 



N « 



Rtn) 



log n/s 



In this equation the logarithm is the •natural* or Napierian logarithm which has the 
base e: tables are found in most elementary sets of 4- figure mathematical tables. 

When N is known, the total number of relevant papers published per annum can also 
be calculated since 



R(N) = N log N/s 



The above formulae are based on a. mathematical formulation of Bradford’s law of 
scatter^. They represent a mathematical ideal which is very closely approached by 
computer searches of comprehensive bibliographic collections, such as MEDLARS, (Fig. 7 ) 
but manual searches (Fig. 8) are likely to fall short of the Bradford ideal. Enough 
evidence has accumulated to suggest that deviations from the Bradford ideal can be 
accounted for by admitted or demonstrable incompleteness or by weaknesses in the search 
procedures. The Bradford ideal can therefore be taken as the practicable target when 
sufficient care and thoroughness Over the search is taken. 



In many practical cases , it is neither necessary nor would it be economic to collect 
the ’’complete" Bradford bibliography. However, it is helpful to know what fraction of 
the total is attainable or practicable. For example , if anyone were interested in es- 
tablishing a special library for a research department interested only in muscle- fib rest 
the bibliograph shows that of , the contributing periodicals listed in the MEDLARS biblio- 
^hy i the hucleai* group of 2$; peitddicals alone prpduce 57# of the relevant papers and v 
; 80# of the field is doyer^ the 64" most productive periodicals whereas it 
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Other applications of the bibliography 



A bibliograph of the same form as that obtained for the periodical literature c*£ 
a well-defined scientific subject can be obtained from other types of bibliographic £ 
data. The Bradford-Zipf law seems to arise in situations in which a finite set ot > 
choices is available but in which the probability of the choice of a particular item; 
is re in forced by each previous choice of that item so that a few of the items even u^.1 
attract most of the choices. The "popularity" of the most, frequently ^chosen items, x > 

• however, eventually causes "saturation" - not all the first choices of these items can 
be satisfied. For example, a periodical may attract more papers than it has space to 
publish: the rejected papers may then be submitted to less popular periodicals in the 

ranked sequence until they are accepted. "Saturation" is indicated y e curve par 
of the graph. 



Fig. 9 shows the bibliograph of abstracting publication^ drawn from the data of! 
Wood and Bower* of the N.L.L. on the use of abstracting publications in social sciences 
These data conform very closely with Bradford-Zipf expectations. They show a nucleus 
of 10 publications and an expected total of about 80 of which 77 were inc u e in e ■, 
N.L.L. list. 



The data on citations is more ^difficult to interpret. East and Weyman' s data on 
citations of books in the literature of plasma physics produce a bibliograph of the ; 
expected form except that it continues beyond the expected limit. The graph indicates 
a nuclear group of only 5 books and, if the Bradford-Zipf law were to hold for citatior 
a total of 222 cited books would be expected. East and Weyman, however, found th t , 
529 books were cited but they add that the most cited items were "clearly directly 
related to plasma physics" and that a "large number" of less cited monographs d ® al J; j 
with "other areas of physics, mathematics, etc." Clearly, the items o c oice \ 

particular case, the books cited in the , literature of plasma physics, do not all be lon C . 
to the same bibliographic classification. The eleven books ranked 1 to 11 certainly j 
belong to the literature of plasma physics and so account for. the conformity of the 
initial part of the graph with the typical Bradford-Zipf form 



v pJ 



Data on the citations to periodicals, in the same subject are also provided by j 
East and Weyman (op.cit.). In this case the bibliograph of the 70 periodicals most | 
frequently cited lacks the initial curve;, the graph consists initially of two straight 
lines of different slopes./ The first straight line is a typical Zipf graph indica mgs 
that "saturation" has not occurred here. It is not surprising; there is no limit on j 



that "saturation" has not occurred here. It is not surprising; there is no limit on 
the number of times a periodical may be cited though, oddly enough, ' saturation . | 

occurred in the data on monographs. The Bradford-Zipf estimate 'in this case also | 

exceeds the number actually found (14,173 estimated, 11,901 found) whereas with books | 
the estimate was less than the number found. A possible partial explanation of the | 
anomalies in this case may stem from the fact that the citations noted were in no way | 
limited by the date of the issue of the periodical cited. It is reasonable^ to assume | 
that conformity with Bradford-Zipf expectations would . require that all the items | 

open to "choice" - here the periodicals cited - should be exposed to choice for the | 

same period of time. This condition is clearly not satisfied by this particular set | 
of citation data (there is no reason why it should have been) one of which is mention; 
as going back as far as 1870. 



A third set of data published by East and Weyman (op.cit.) enumerates the cit&ticj 
for each paper cited from Physics of Fluids (ig6l-4). The bibliograph is shown in \ 
' Fig.//® . This again is of the typical Bradford-Zipf form and again the straight line; 

extends (248 calculated, 372 found) beyond the Bradford-Zipf expectation. Bxamina iod| 
of these data suggests however that the most frequently cited paper (which is ci .ed. | 
only 14 times) is not cited as . frequently as a Bradford-Zipf distribution of the given) 

totality would require nor is the range: of "popularities" , from 14; citations o , j 

large as would be required^ It ; may be possible to regard such data, and a similar tyj 

of data which arises from consideration: lo^f residual , demands, such as those handled by j 

0 ie N.C.L. and the N.L.L. by some fonn of truncated Bradford-Zipf distribution from j 



l v>iich the Unknown' "head" is missing . £ Bufcvthe empirical evidence so far available 
""^L ggests that, in such cases; ^he^"t^il";i^^^ chopped <>ff cleanly from the head 
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and further analysis is needed, 






These partial failures of the Bradford-Zipf bibliograph help to elucidate more 
precisely the situations in which the bibliograph can be used with confidence and to 
clarify the conditions which have to be satisfied* Citations clearly do nob fully 
satisfy these conditions. There is no saturation effect because it 'costs’ nothing* 
in effect, to cite a paper; it may be that the seeming conformity of sets of cii^l^ns 
with the Bradford-Zipf form for sets of periodicals is merely a reflection, partly- / 
distorted, of the underlying periodical distribution. "The 'core' journals tend to : 
attract the most citable papers", East and Weyman noted* , 

At the same time the distributions of citations widen the linear logarithmic 
form of cumulative sums of documentary distributions and so suggest that a more ^saeral 
empirical law may be found. In the Bradford-Zipf bibliograph for periodicals tins 
value \ of s (the point at which the lin earity intercepts the axis of log n) is never 
less ihan 1, But in Fig. 9 the initial linearity' has a value of s, 1/2.08, which 1 a 
just less than 1/2, while, for the second linearity, s is again 1. 

One area to which the distribution should apply, since the required condxtic&s 
seem to be satisfied, is to the issues of books from a library. Here again, zae 
library user has a very wide choice and yet his choice of the most popular bocfes 
restricted because such hooks are not always available when he wants them and because 
the process of issuing and restoring a book to circulation takes .finite time even in 
a computerized issue system. A bibliograph of the issue records of a library should 
therefore establish which books, at any one time, constitute the popular nucleus and 
should enable an estimate to be made of that fraction of the total collection which 
is of active use. But no book issue data have yet been studied in this way. 

A second area to which the distribution in one of its forms should apply is to 
the frequency of use of index terms in a document retrieval system. Here again a 
bibliograph should be helpful in identifying the terms which are over-worked or under- 
worked, in devising labour-saving search strategies, or in estimating the ratio of 
growth of the admissible indexing terminology. 

In all the areas mentioned more data and analyses are needed. One use of the 
bibliograph arises from its potentiality as an instrument for the managerial control 
of a library or documentation system* 
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Theoretical problems 

Clearly some 'theoretical problems remain to be solved* Xf the points of the 
initial rising curve of the bibliograph are plotted on log- log paper instead of on 
semi-l<$g parper , a single straight line is produced in the simplest cases- This 
indicates that the form of the initial curve of the bibliograph is 

R(n) = ^ n* 

where </ and /S are constants with /* < 1# But sometimes a series of two or three 

successive straight lines arises, in which the value of increases in steps up 
towards 1. In all such cases so far studied, these complex forms arise when the total 
tiLblio granhy covers a long time— span or when two or more slightly different categories 
cf data are known to have been combined* Fortunately, the effects of these variations 
affect only the nuclear contributions, which have to be counted anyhow ? and they do, 
not affect the practical applications based on the subsequent linearity* 

The Bradford-Zipf distribution also has an extraordinarily stable form. It is 
therefore possible to calculate the composing or resolving of wholly independent or 
partially overlapping bibliographies. It would also be helpful to know exactly how 
the form of a bibliograph develops as the literature on a new subject grows from the 
first basic paper; usually, it seems, a subject inevitably widens as its literature 
grows and the resulting bibliograph may be regarded as the envelope of a number of 
Bradford-Zipf linearities of increasing slope# 



Statistical Bibliography 



Empirical laws such as the Bradford-Zipf could be helpful in transforming library 
management into a more business-like activity. The study of bibliography is still in 
a kind of natural history phhse, much concerned with particulars but little concerned 
as yet with seeking general relationships between the particulars. The fact that the 
emergent empirical laws of bibliography cannot yet be adequately explained in causal 
terms need not prevent their application in solving appropriate problems. There is 
much work for them to do in the planning of more rational, economic and effective 
library and information systems. 

In such work the Bradford-Zipf distribution has a role to play because it has an 
optimizing factor built into it; once periodicals are arranged in order of their pro- 
ductivities of relevant documents or books in order of popularity, any cut-off left 
at the 'head* of the bibliograph automatically indicated the n best periodicals, or 
the n most popular books. It should therefore be helpful in designing systems or 
when applied to them. There follow three simplified models intended to show some ap- 
plications of the Bradford-Zipf distribution. • 

1 . Complete periodical sets and the buying of photocopies 

Problem: The complete set of periodicals which produce papers relevant to a 

scientific, topic T numbers N. This set contains a long tail of periodicals ( *** £10 
which produce an average of only 1 to 2 relevant papers per annum. Consider the 
economics of buying photocopies of relevant papers instead of periodicals# 

Let A = average cost of the periodical subscriptions per annum (in any monetary 
! units) ; 

*| p = average cost of one photocopied i paper (in the same monetary units); 

jj and P/A = p , (O < p ^ 1 ) # . 

| It would be reasonable to assume that a special library interested in the subject 

| T would, in any case, wish to buy all the periodicals in the Bradford nuclear zone of 

| she set so that the possibility of acquiring photocopies applied only to periodicals 

j l ly C. Ln the outer zones. The analysis' can therefore be based on the periodicals which con- 
p BM ^ anmi f 0 rm with the Zipf linearity i.e. it will be assumed that n > c throughout# 
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Let the B-Z formula of the complete set be 

R(n) = N log v/a , (c^n^N)...... 



(D 



The productivity of the periodical ranked nth wiJJL then he M/h relevant papers 
per annum and the cost of each of these relevant, papers --will b*e Affi/N. Thus the cast 
of buying relevant papers by means of periodicals increases uniformly with n but the 
cost of buying photocopies remains . constant at P units each. (Pig. 10. ) The point 
at which it would pay to switch to photocopies is given by 



’An/N > P 



( 2 ) 



i.e. when the cost of buying relevant papers through the periodicals exceeds the cost 
of a photocopy. The point is reached when 



n > EN/A = pN 



» . . » . (^) 



The total cost of buying the first n periodicals is nA. The number of photocopies to 
be bought is equal tp the number of relevant papers to be expected per annum from the 
periodicals ranked (n + 1) to N inclusive. This number is 



R(N) - R(n + 1) = N log N/s - N log (n + l)/s 

= N log N/(n + 1) (4) 



and their cost will be 



FN log N/ (n + 1) • ••••*•••• (5) 

The total cost of buying the complete annual bibliography Will therefore be 
C — nA + PN log N/(n +1) • . • • •* • •• * • • (6) 



a function of n which has a minimum value at n + 1 = PN/A. Substituting this value 
of (n + 1) into (6), we have 



C = PN - A + PN log A/P 



• • . • * 



(?) 



As the total cost of buying all N periodicals would be NA units per annum, the saving, 
S, ' per annum • is • '% - : : 



so tiat 



NA - PN + A - PN log A/P 

S/AN « 1 - | (1 + log A/P) + 1/N 

(1 - p) + p log p . , 



..... . ... ( 8 ) 



The graph of this function, which represents the maximum proportional (or per- 
centage) saving attainable is Bhown in Fig. 1&. The economy achieved is clearly 
closely dependent on the value of p = A/P. 



Example: If" N > 400 , -s = 2, the total bibliography would. .consist of ^ 

400 log 200 = 21 19 per annum with a nucleus of 6 or more key periodicals. 



Assuming that, p » 0.2, the number of periodical subscriptions could be reduced 
from 400 to^ 80 /:•- The mssitssarr of relevant /papers thus acquixedjiwould be, 400 log 40 = 1470 
and the remaining 643 r^hsxs, distributed over 320 periodicals, woulO.be bought as 



I ; 
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photocop3.es. The libxsry would thus have complete periodical average of xts subaect 
0 £ot the cost of Vajfing the complete set of periodicals. , .. • • • < " 

■ - S 'U ' . ' ' ' ' \ ; ■ 
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g # The d? ^cflr^rjing -of ag^^Tt p; perf.ogiQaLs front a subject set 

"'roblem: ‘The library t ikes only M of the N periodicals of the complete 

subject set * Tolicy: Periodic^ issues are discarded w&en their ’’utility” has 

decayed to the sassre fixed level#- Consider the loss of utility# 

Application odT this policy v ould leave the library with relatively long runs 
:: the most productive periodicals and relatively short runs of the least productive^ 
a minimum level, of utility applied to all the periodicals. 

The Mth periodical produces N/M papers per annum. • If this periodical is dis- 
carded after time T r the lost utility is 



“ =T T / a = k , (say). 

M 

Ami bo j _-T/a _ M *V? ....... (1) ' 

M ” n 

w5ier<= t = age of discard of ttae periodical ranked n* Solving (1) for t n we get 
n 

t = T + a log M/n , (n < M) ..... • (2) 
n 

The total proportional loss of utility = . N log N/ /^ ■ • • • • • • O) 



If the Mth periodical is to be t-etaiiited at all* k cannot be greater than the 
value of N/M which it attains when T = 0*> - (In this case the Mth periodical is bought, 
examined for its occasional relevant papers which are noted, but it is not shelved; 
all other periodicals acquired are retained for periods which increase from zero up- 
wards as "the rank n decreases# I^ote "that If T = 6* then k = N/M and (3/ reduces o 

- I—,- (4) I 

log N/s | 

which is independent of M, the siize of the collection taken. (Fig. IS.) Hence, if | 
periodicals were removed completely one by ; one, beginning with the least productive, j 
1/N th of the total original utility would be lost at each step as the utility o± 
the remaining periodicals is reduced to the same minimum level. 

. For N =400, s = 2, log N/s = log 200 = 5-30- The adoption 'of this policy of 
discarding periodicals when, as they age, they reach the same level of utility, 
would mean discarding 1/5/30 or 19 # of the total utility with a saving of about b05& 
of the shelf space. 1 j 

* ! 

3. The optimization of the periodical stock of a central/branch libr ary system j 

Problems A library system consists of a central library together with r^ |- 

branch libraries all serving the same subject for a total population of R users. It | 
'costs’ the user of the system v rf monetary units for each consultation of the per- ; 
iodicals in his branch library and /3 monetary units ( /? > «r ) in his central libraj| 
The central library is hihllographicall y "complete 11 in the subject, i.e. it takes | 

all N relevant periodicals. If it required to minimize the total cost vi»e. user | 
cost plus provision cost) how many of the N periodicals should be made available at | 

the branch libraries? \ - '.-s : ■ | 

Let n (1 ^ n 4 N) be the required number of periodicals • Then the proportior| 
of consultations that can be satisfied at the branch libraries is | 

u t i/'urk- v'-r-.'tif* 5 - frt ••..'i i- ..-.-.■'l s -N log n/s ■_ log N/n 

| and the remaining proportion, 1 - n~1o|n/s = log N/s | 

have to be referred to the central library. ;^The cost of each of the R users is there:| 
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\ . 

r. 



ot H lag n/e + /i N log H/n 



The coijst of providing n periodicals for each of the r branch libraries and N period!-, 
cals tcj the central iibrary is £ 



(m + N) a 



where a is the average cosi; of the periodicals. So the total cost of the system is 
R( ^ N log n/s + 4 N log N/n) + a(m + N) . . * (1) 



If n is regarded as the variable while all other terms remain constants the 
minimum total cost occurs when 



arn 



i.e* when 



n 

N 



= NR( /5 - V ) 
R ( A - oi ) 



It will be seen .that n increases as the ratio of users to branch libraries increases 
or as the disparity between the costs of using the central and branch libraries increases, j 
But the value of -** is also inversely proportional to the average costs of the periodicals. 
These results accord with expectations. 



The analysis could be taken farther. It has so far been assumed that the library 
system has its fixed number r of branch libraries but the above result would hold for 
any value of r. By substituting the value of n just formed into (1), the total cost is 
expressed as a formula from which the unknown n is now eliminated. The formula thus 
becomes an expression for r by means of which the optimum number of branch libraries 
could be calculated. It should be noted however, that, if the number of branch libraries 
is theoretically allowed to vary, it cannot be assumed that <* and 4 are constants 
independent of the value of r* It is likely that \ot decreases and that /S increases as 
r increases but no helpful data on this problem are known to the author. 



Concluding Comments 



The unusual feature of the Bradford-Zipf distribution is that it is a concurrence 
of two distributions* How does this double distribution arise? ,This question of being 
analysed with the help of a computer simulation program which, at present, is only 
partly worked o.ut, and by means of which we test our hypotheses. We have found a means 
of generating the 2ipf distribution (the lineal* part of the bibliograph) from a simple 
probability specification which simulates random and unrestricted publishing of papers 
jin a number of "potentially contributory 1 * periodicals which grows as the subject develops 
It has already become clear, however, that the probability mechanism which generates the 
Zipf distribution will have to be modified to generate the Bradford nucleus and that the 
m °^ re ^ u ^ reB restriction of the simulated publication of papers in the nuclear 

dicals. Possible probabilistic forms of this restriction are now under test. 
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Faa^glly ^ the generating program will have automatically to permit a smooth relaxation 
from/ "restricted" to "free" publication at the critical point of the simulated biblio- 
graph. 



The Jvew results reported in this paper are mainly theoretical. But, it is suggested, 
they are plausible enough to justify further exploration, both theoretical and practical. 
The Bradford— Zinf dietrihn in on an H Tfo • j -i n 



The Bradford-Zipf distribution and its bibliograph need further analysis which, ideally, 
requires access to a comprehensive computerized I.R. system to produce quick and reli- 
able results of the kind and oh the scale detailed analysis demands. The possible 
application of this new distribution to monographs, as well as to periodical literature, 
an< ^ a -^- so ,i®.. library processes deserves- to be explored because there is already some 
CdVi n ? e tha ^ the Bradford-Zipf distribution has a much wider generality than was first 
dated. It could be very useful in planning any rationalization of library 
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ABSTRACT 

The cost of an item of information in a storage system is 
defined as the sum of an initial cost, a time dependent 
cost, and a usage cost* Item usage is assumed to follow 
a simple exponential obsolescence pattern* A decision 
rule for the economic holding time of an item in storage 
Is derived from the model and based on a policy of minimiz- 
ing the average cost of usage* Some properties and implica- 
tions of the rule and policy are discussed. This model Is 
developed in the context of large research libraries but 
should be applicable to other kinds of information systems. 
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The writer is a professor of industrial engineering at Purdue 
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Is supported in part by NSF grant GN-759 at Purdue and the 
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California* This paper is prepared for the Joint National 
Meeting of the American As tronautical Society and the Operations 
Research Society at Denver , June 1969, and for the Library 
Planning Conference at the University of Lancaster, England, 
July, 1969* 



Introduction 

It has been pointed out by C. W. Churchman [1968] that the more important 
issue in current efforts to develop automated information systems is not how 
to merely computerize existing clerical practices* but how to use this new 
technology to enlarge our concept of information systems so as to include the 
user as a more integral' and active component* If libraries, accounting 
systems, or other kinds of information systems are to be made more responsive 
to the needs of the persons using them, then the appropriate level of planning 
and control must be broad enough to include the user as an effective 
participant. Churchman goes on to point out that even a well-designed user- 
library system would be a subsystem in a larger environment and would run 
the risk of suboptimizing its policies relative to the larger system. 

N. R. Baker [1967] has suggested one way to formalize the notion of 
system expansion by defining a service system as composed of three active 
components: the service agency proper, its users, and its funders. The 
funder component is the final arbiter of system performance. This model 
permits a closed-loop analysis of the interactions among the three groups » 
which Baker used to show that the "servicers" can expect to become increas- 
ingly more constrained in their decision-making unless they can make 
satisfactory decisions before users exercise their influence and before 
funders exercise their powers of control to force the decisions. The 
service agency must convince the others that learning, not influence and 
control, is the dominant factor and the most productive approach; and they 
must demonstrate the fact that they are exploiting fully the political, 
economic, and technical resources which are available to them. 

Libraries are among the world's largest information systems. They 
provide a rich history of operational experience for the student of general 
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information systems and a large working environment in which to test new - 
design concepts • Although conventional libraries are essentially manual 
systems for the handling of mechanically-stored information in book form, 
many of their operating characteristics are readily transferable to more 
sophisticated systems using computers and microform storage devices. This 
is most apparent in the library operations research studies of recent 
years, and the seminal work in this field is reported in the recent 
monograph by P. M. Morse [1968]. Library operations research studies 
have concentrated on the problems of storing and using library materials, 
while library and information scientists have focused on problems of 
organizing and retrieving these materials according to their intellectual 
content. The latter problems seem to constitute a more difficult long-run 
research field, since the introduction of the newer methods of information 
storage preclude direct user access and require newer methods of obtaining 
remote intellectual access to the file. 

Much of the operational analysis of libraries is related directly to 
the problem or library size, and the use of such options as depositories, 
interlibrary loans, blanket orders, duplication, and compact storage, as 
means of optimizing library size relative to the observed usage of the 
library. Usually, the library under study is thought of as a member of a 
l ar S ei ^ information network which, permits local suboptimization without 
precluding the possibility of the user going elsewhere for information. A 
good prototype example of this kind of approach is the model proposed by 
P. F. Cole [1962], and refined by M. K. Buckland and I. Woodburn [1968], 
by which it is shown that a 2,000 volume petroleum library can expect to 
satisfy the greatest number of user requests by subscribing to approximately 
190 different journals or serials and holding them for about eleven years. 
Variations on this theme of "optimal library size" are seen in the study 
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of depositories "by Morse [1968] and W. C. Lister [1967] and tl &t\i4y of 
interlibrary loan by G. Williams [1968] . A more sophisticated approach 
is the fully stochastic model of H. M, Gurk and J. Minker [1968] which 
studies the effect of retention policies on the size of a data base for 
a computer utility. 

The size of a library or data base seems to be the most important, 
measure of its worth apart from its usage, since it suggests comprehen- 
siveness or completeness of knowledge. This has long been the traditional 
measure of stature in library circles. The two important determining 
factors of size are the breadth of acquisition and the length of retention* 
These are also important factors in determining usage along with the ease 
of access. While some models have been developed which concentrate on 
library breadth, (see Leimkuhler [1967, 1968]), the problem of retention 
time has been given the greatest attention. The storage cost model and 
storage policy developed below is intended to reveal some of the essential 
economic characteristics of information storage systems in an elementary 
way by developing a decision rule for the holding time which is both 
practicable and near-optimal. 










/ 




4 



Cost of Storing a Single Item 

Recent studies of the cost of operating library-type information 
systems, such as ithe work of Williams [1968], and R. Shisko [1968], sug- 
gest the following cost model for information storage systems: 



K(t) ** k^ 4* k^fc + k^u(t) 



( 1 > 




Here K(t) represents the total cost of holding one item for a period 
of t years; k^ is the initial cost of acquiring the item; k^t 
the holding cost which is linearly related to the retention period; and 
k^u(t) is the usage cost which is proportional to the number of uses 
made of the item during the period t . This model is consistent with 
those used by Lister [1967] and Buckland [1968] , although their models 
included more terms in order to recognize other control variables. 

Equation (1) could be discounted in order to obtain its equivalent present 
value as was done in the study by Williams. Equation (1) is not supposed 
to represent the ordinary way in which the costs of libraries or other 
types of information systems are reported for either budgetary or cost 
control purposes. Rather ^ it is intended to express storage cost as a 
function of~ time and usage in the simplest possible manner. There is no 
theoretical reason, for example, for not including user costs in the 
parameters along with the direct and indirect costs of the storage system 
proper. 

In his study of book use models, A. K. Jain [1967] described several 
models which express book usage as a function of age. In all of these 
models the cumulative use, u(t) , Increases monotonically with t , 
while u 1 (t) decreases. The simplest of these models is the exponential 
case, that is: 

u T (t) - re“ bt (2) 



u(t) - <r/b)(l - e“ bt ) (3) 

where r is a scale parameter associated with the instantaneous initial 
usage level and b denotes the instantaneous obsolescence rate, The- 
ratio (r/b) is the limit of u(t) as t approaches infinity and 
therefore a measure of the lifetime usage of the item. Based on an exten- 
sive study of the M. I. T. Libraries, Horse [1968] proposed a usage model 
similar to that of equation (3) but including a constant or residual use 
term which is independent of age, that is, the usage rate drops exponen- 
tially to a residual level. He showed that this model results from a 
simple Markov process for the change in usage from year to year. 

By substituting equation (3) into equation (1), the total, marginal, 
and average costs as a function of holding time are obtained respectively, 
as follows: 

K(t) « k x + k 2 t + k 3 (r/b)(l - e“ bt ) (4) 

K* (t) - + k 3 re ~ t 

K(t) “ (k^/t) + k^ + k 3 (r/bt)(l - e bt ) (6) 

Both the marginal cost and average cost of retention time diminish to the 
level as the holding period increases, and the total cost become 

increasingly linear with time. 
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Cost of Providing Uses of an Item 

- A more interesting and useful cost relationship is obtained by ex- 
pressing the total cost as a function, of the cumulative usage during the 
retention period. By inverting equation (3), one obtains the time required 
to provide the first u uses of an item in storage, that is: 

t(u) - In CL - bu/r)~ 1/b - C-l/b)ln(l - bu/r) (7) 

* 

By substituting equation (7) into equation Cl), the total cost for pro- 
viding the first u uses is defined as follows: 

KCu) » k x - Ck 2 /b)la(l - bu/r) + k 3 u (8) 

The marginal cost for providing the service is approximately equal to 
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K f (u) « k^ 4* k~/b(l - bu/r) 



(9) 



where it is assumed that the derivative of K(u) approximates the finite 
difference, K(u) - K(u-l) . The average cost of providing the first u 
uses of atv. item is defined by the equation: 



K(u) » (k^/u) - (k 2 /bu)ln(l - bu/r) 4 k^ 



( 10 ) 



While both the total cost and marginal cost of usage increase monotonically 
and quite rapidly with increased usage, the average cost decreases at first 
and then increases with usage. 

The implications of equations (8), (9), and (10) can be more readily 
seen if they are expressed in terms of a relative measure of usage, x , 
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which is the ratio of the cumulative usage over the lifetime usage, that 
is: "" \ . 



bu/r 



( 11 ) 



It. is convenient also to define the parameters and as follows: 



K 2 - k 2 /b 



( 12 ) 



K 3 - rk 3 /b 



(13) 



where K can be interpreted as the total lifetime usage cost of an item, 

3 . 

and K 2 as the holding cost for a relaxation interval, 1/b . By using 

these definitions, tl equations for the total, marginal, and average cost 
of usage become: V - ’X; - 



K(x) - k^ - K^lh(l - x) + K 3 x 



: (14) 



K’ (x) - K 3 4- K 2 / (1 - x) 



(15) 



K(x) - ( k i/x) - (K 2 /x)ln(l x) + K 3 



( 16 ) 



These relationships are plotted in Figure 1 to show their general shape 
and properties. The plotted values are based on the arbitrary assumption 
that k x , k 2 , and K 3 are of ->qual magnitude. 
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Cumulative Usage, r; , Fraction of Lifetime Use 



Figure 1 — Information Storage Costs of One Item as a Function 
of its Usage, When Parameters k. , K„ , and 
Are Equal to K . . . 
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Storage Policies for a Single Item 

The total cost function, K(x) , consists of a linearly increasing 
component and a logarithmically increasing component which are weighted 
with the time-cost for storage. When the time-cost parameter, K 2 , is 
relatively large, the total cost increases quite rapidly for higher 
values of x . This is reflected in the marginal cost which increases 
much faster than total cost. If it is permissible, it is reasonable to 
expect a library to discard an item before it has exhausted all of its 
potential usage in order to avoid the extremely high cost of continuing 
to hold the item indefinitely. In practice, it is more common for 
libraries \to transfer infrequently used items to depositories unless 
assured of their availability in some other cooperating library. The 
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experience with depositories has suggested that there is a significant 
cost associated ylth the selection and recording of such transfers. Much 
of this cost mig;ht properly be considered as an acquisition cost for the 
depository collection, although there would be some cost of changing records 
in the primary collection. The present model is not intended to account for 
all. of the various options which are available to a, library , although It 
could be expanded to include 4 such options 




From the viewpoint of microeconomic analysis, a'poJLicy for limiting the 
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retention time of an item and therefore* ^limiting its usage shbuld.be based 
on a consideration of both the coats and the' benefits incurred or avoided 
by the policy. An optimal economic policy should seek to expand service 
as long as the marginal benefits are of greater value « v .han the marginal 
costs. If the resources are available, then all services should be expanded 
to the same point of zero marginal, net benefit. If resources are limited, _ 
then the service should be expanded to the point where the marginal net 
benefit Is the same for all costs, since, otherwise , the costs could be 
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reallocated so a.s to increase thja total net benefit* In order to apply 
these optimality principles directly one needs to evaluate the benefits 
derived from item usage in a manner which is directly comparable to the 
cost measurements. However, the dir er; measurement of the economic value 
of the benefits of information retrieval is an extremely difficult, if not 
impossible task, and indirect methods are the only recourse. 

An alternative approach to the establishment of storage policies is to . 
choose that retention period which minimizes the average cost of usage. 

In addition to the practical advantage of being based on the direct measure- 
ment of costs only, this policy has economic attributes which recommend it 
as a near-optimal solution with regard to user benefits, also. There is 
good reason to suppose that the marginal and average benefits from item 
usage are relatively constant from the standpoint of anticipating such 
benefits for the purpose of establishing a policy* Furthermore, average 
benefits should be at least as great as the average: cost in order that the 
entire venture is not unprofitable. By holding an item to the point where 
average ~ost is minimized, there it is an assurance that at least a break- 

v i 

even in the cost;— benefit relationship has been achieved. This is a relatively 
conservative approach to the problem which is not at all unreasonable when 
there is almost complete ignorance about the relative worth of the benefits 
derived from item usage. 

There is a well-established economic thesis which holds that the long- 
term tendency in competitive production is for the producers to be driven 

to the point of zero net profit, that is, where average cost equals average 

/ 

revenue. While the situation in information storage is not directly 
analogous, it seems to be quite similar in that there are usually alterna^- 
tive information sources available to the user, and these alternatives will 
be exercised as long as they can do so at less cost. The competitive inter- 
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[ action of users and suppliers should tend to match benefits with costs. 

I — Another argument in favor of a minimum average cost policy is that it is a 

highly practical operational policy for a production or service subsystem 
to follow, since it motivates local efficiency and technical innovation. 

>. For example, it provides a viable guide to the management of a factory in 

| meeting its production goals at minimum cost and for reporting to higher 

! management the factory data they need to establish goals. Standard cost 

[ accounding procedures develop average cost figures which become a measure 

t of factory performance. 

i / 

i 

f .. ' •. 

) v 

t : . „ 

I 



I ' 




\ 

& 

ERIC 




12 



Minimizat ion of the Average Cost of Usage 

A storage policy based on the minimization of the average cost of 
usage is relatively easy to implement on the basis of cost information 
alone. Since the average cost achieves a minimum value when it is equal 
to the marginal cost, a decision rule can be easily obtained by equating 
equations (15) and (16) and solving for x as follows: 

Min K(x) *=> -k^/K^ =* ln(l - x) + x/ (1 - x) (17) 

This decision rule is evaluated in Table 1 where the relationship is 
shown between the parametric ratio (k^/ii^) and the value of x which 
minimizes average cost- By referring to equation (3), it is possible to 

"translate this decision rule into the holding times which minimize average 

cost as follows: 

Min K(x) => k x /K 2 - e bt - 1 - bt (18) 

where b is the obsolescence rate and bt expresses holding time in the 
number of relaxation intervals. By expressing holding time this way, it is 
possible to demonstrate the effect of the decision rule on holding time 
using equation (7). This is done in Table 1, 

An approximate version of the decision rule can be obtained by expand- 
ing the exponential term in equation (18) and ignoring all but the first 
three terms in the expansion. This leads to the simpler rule: 

Min.K(x) => t h - /2k 1 ?bk 2 (19) 

where denotes a holding time which effects an approximate minimization 

of the average cost of usage. This version of the dec: on rule has some 

intuitive appeal because of its similarity to the economic lot-size 

formula of inventory theory. The control parameter t, can be called the 

h 

"economic holding time" for an information system. It can be seen in 
Table 1 how t tends to overestimate the time required to minimize average 
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cost especially at unusually large values of the ratio (k^/K^) . Equation 
(19) implies that the economic holding time will change as the square root 
of changes in the cost of acquisition and storage or changes in the 
obsolescence rate. As the cost of acquisition, , decreases the hold- 

ing time will decrease, and as the storage cost, k^ > decreases, the 
holding time is increased. An increase in the obsolescence rate will 
decrease the holding time and will decrease the total usage obtained from 
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the item since. 


in equation (17), an 


increase in 


b 


decreases the parameter 


which decreases both the ratio 


(k^/K^) and 


the minimizing value of 


relative usage. 


X 








Table 1 


* Values of Relative 
which Minimize the 


Usage, Holding 
Average Cost of 


Times, and Costs 
Usage for an Item 


Fraction of 
Total Life- 
time Usage 


Holding Time 
(relaxation 
intervals) 


Ratio of 
Cost 

Parameters 




Economic Holding 
Time as Computed 
from Equation (19) 


X 


. ,-bt 


V K 2 




- /2k^Kj 



0.1 


0.11 


0.01 


0.11 


0.2 


0.22 


0.03 


0.23 


0.3 


0.36 


0.07 


0.38 


0.4 


0.51 


0.16 


0.56 


0.5 


0.69 


0.31 


0.78 


0.6 


0.92 


0.58 


1.08 


0.65 . 


1.05 


0.81 


1.27 


0.70 


1.20 


1.13 


1.50 


0.75 


1.39 


1.61 


1.80 


0.80 


' 1.61 


2.39 


2.19 


0.85 


1.90 


3.77 


2.75 


0.90 


2.30 


6.70 


3.67 


0.95 


3.00 


16.00 


5.66 


0.99 


4.61 


94.40 


9.72 




Concluding Remarks 

^ *- s interesting to note that the decision rule establishes the 
holding time independently of the usage parameter, . In fact, if 

only acquisition and time dependent costs are considered, the holding 
time would be the same. The interesting point is that it is reasonable 
to argue that almost all of the costs of operating a library can be 

L # . 

allocated between these two cost categories, since most of the labor 
cost in libraries is expended for professional or semi-professional 



personnel who in many ways represent as much of a system investment as 
do the purchase price of the materials. Almost all categories of library 
cost correlate closely with .the size of the collection and/or the acquisi 
tion rate of new materials. Even the acquisition costs are correlated 
closely with size, because of the steady exponential growth patterns 
which are characteristic of large libraries. Some, but certainly a small 
part, of direct library expense does vary directly with usage, as in the 
operation of reserve book rooms where items circulate with a very high 
frequency. If it is valid to consider storage system costs as being 
represented -by the parameters k, and ' & 2 " only,' then it would seem 
worthwhile to consider the cost parameter fc^'as being representative 
of the cost to the user in obtaining information "from the sy stem T Equa- 
tions (8) or (14) would then represent the comb ined total cost to both 
the patron and the storage system for pfoviding uses from an item, and 
the decision rule would determine the holding ' time which minimizes the 
combined average cost per use. ’’ “ v 



An alternative interpretation would be to consider the user cost, k 
as a monetary estimate of the benefit to the user for his effort in using 
the item, under the assumption that the user chooses among alternative 
sources in such a way as to eventually equate, benefits with costs t>n the 



average. Under this interpretation, it would be appropriate to exclude 
from the equations and compare the marginal and average costs with 
the parameter k^ . The decision rule for holding time would be the sam#* 
but if it yielded a minimum average cost which is less than k^ , that i£* 
if the benefit/cost ratio is greater than one , there would be an indication 
tha,t the system is not operating at an optimal level of service and should 
be expanded beyond the point of minimum average cost. This interpretation 
seems to be in line .with the arguments of R. L. Meier [1961], who found 
that university libraries were operating in a range where the average cost 
per unit of service was the same as the average cost to a student patron. 
However, he also found that the average cost to a faculty patron was much 
higher than the library cost figure, and that this situation was discourage 
ing faculty patronage. He concluded that libraries should expand their 
services and absorb more of the faculty usage cost so as to obtain a net 
increase in total benefit to the /university. 

The model and policy advocated here and its accompanying speculation 
have not been fully tested by either analytic methods or by comparison with 
empirical data. They are offered as an alternative approach to the 
rational management of large library-type information storage system^ * 
Constructive criticisms are invited. Although this model has been 
developed in the context of large research libraries, there is no evident 
reason why its line of* argument would not be directly applicable to othejT 
types of information storage systems. 
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A MATHEMATICAL MODEL OF A HIERARCHICAL LIBRARY * 

SYSTEM 



L Woodburn 

University of Lancaster 




Summary 

This report describes a mathematical model for a hierarchical library- 
system in which books, journals, etc. are stored at different levels. 

It illustrates by means of a simplified example how such a model can be 
used to design an efficient library system. • • 

The material is presented in the context of a library system for the 
universities. r 



34 The work described in this paper forms part of the 'Systems analysis of 
a university library* project at the University of Lancaster Library and 
was supported by a grant from the Office of Scientific and Technical 
Information. 
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Introduction 

. The library user at a university obtains information from books, etc. stored at 
several points in a hierarchical system. In the majority of cases this system has four 
levels: - — 

(1) a personal collection 

(2) a departmental library . 

(3) a university library 

(4) other university libraries and national libraries 

Because material is more accessible at the lower levels (i. e. personal collections 
and departmental libraries) it is reasonable to suppose that, from the point of view of 
the individual, the best system at a given cost is one in which the most -used material be- 
longs to his personal collection and so on by degrees until the least-used material is held 
at national level. 

Although a personal library is established for the benefit of one individual, a 
departmental library must cater for demands from all its members. In practice it must 
cater for the sum of the residual demands from its members since some of their demands 
will have been met from their own collections. Similarly a university library must cater 
for the sum of the residual demands from all members of all its departments and a nat- 
ional library for the sum of residual demands from all universities. 

This principle, the principle of residual demand, has been used to establish a 
simple mathematical model for a hierarchical library system. The model will be des- 
cribed in mathematical terms and its use will be illustrated by means of a simplified but 
realistic example. /'a vl-’.'.v -; ■ ; 4 a?:.. .• 
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2. THE BASIC MODEL 

Consider a library system which has four levels of storage. - 

... — (i) Personal libraries 

(2) Departmental libraries 

(3) University libraries 

(4) a National library 

Let M be the total number of titles to be stored in the system, and let N be the 
total number of users of the system* 

Let r 1 . be the expected number of demands in a specified period of time (e. g. one 
year) for thfith title from the jth user belonging to the kth department of the 1th uni- 
versity. 

Considering each storage level in tum:- 

(1) Personal library: we assume that personal libraries hold all titles i for which 

i ^ x 
1 jki > r 

NB r* is the marginal level of demand below which the title is not held (for stm- 
plicity it is the same for all titles) 

(2) Departmental library : let bi the expected number of demands for the ith 

title from all members of the kth department of the 1th university. 



Then applying the principle of residual demand we have 



where 

level. 



. kl 



jkl 



Hr* 

3 3 kl 

o if 



r 1 >' x X at the personal library 
jkl r 



We assume that departmental libraries hold all titles i for which 



i . xx 
r .kl ^ r 

NB r ** is the marginal level of demand below which the title is not held and it is 
the same for all titles. 



(3) University library : 

Let r* be the expected number of demands for the ith title from aU members of 
all departments of the 1th university. ^ y.-y. : V ‘ 
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Then applying the principle of residual demand we have 

r .\ 1 = ■¥ r .kl 



where 

level. 



. kl 



■ o if r - ,^ ^ r at the departmental library 



1 

r .kl 



We assume that University libraries hold all titles i for which 



i 

r ..l 



r , > r 



XXX 



NB r 5004 is the marginal level of demand below which the title is not held and it is 
the same for all titles. 



(4) National library: at this stage we have a choice, we can insist that the national 
library holds all titles or we can define r 50004 to be the marginal level of demand below 
which the title is not held and apply the principle of residual demand to discover which 
titles should not be stored at the national level. The first assumption seems more ap- 
propriate and as the costs of duplication are small we assume that the national library 
holds all M titles. 



X XX 

At this stage it should be evident that the marginal levels of demand r , r and 
r XXX constitute a storage policy for the system - if we change their values then we 
change the pattern of storage and also the way in which demands are satisfied. For any 
particular -policy we can calculate the number of titles stored at each level and also the 
total number of demands satisfied from each level, and the total cost of providing the 
service can be calculated. Also if we define t , t , t and t to be the average 
times of access to material stored at personal, departmental, university and national 
levels respectively, then we can calculate the overall average time of access to the 
system. ■ » 



One simplification that has been made at the outset is that material can only be 
transferred between libraries at distinct levels in the system e. g. inter University 
library loans are treated as loans from a national library as far as cost and access 
times are concerned. 



If we wish to. compare two storage policies then we select two sets of values for 
the marginal levels of demand and simulate the operation of each system for a fixed 



m of expected demands r 
ERJC system can then be compared. 



The total cost and overall average access times for 



rpi- -I- r A.1 



j i • 1 1 ill _ j -u. — ~ 
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example which highlights the information that is required before systems of this kind can 
be viewed objectively. 

2. 1. 4ppli cat i° n the m °del 

There are about 50 Universities with an average of 30 departments per University 
and a grand total of 250, 000 staff and students. It is most unlikely that the expected 
demand for each title from each of the 250, 000 users can be measured and an alternative 
approach is necessary. Personal libraries are excluded from the illustrative example 
so that the basic quantities required are the r 1 ^ i. e. the summed residual demands 
for the 1th title from all members of the kth department of the 1th university. 



Even so there are about 7 million titles held by the British Museum library at the 
present time and it is most unlikely that the expected demands for each of these titles 
can ever be measured. Therefore in the example the number of titles that has been con- 
sidered is restricted to what might be called "the most used scientific journals m the 

early 1950's". 

•- The data that has been used to represent the quantities r 1 ^ w has been taken from the 
book by C. H. Brown Scientific Serials (ACRL monograph, 16) Chicago, ACRL. 1956. 

In the course of Brown's study he produces a consolidated alphabetical list of the 612 most 
frequently cited scientific serials classified according to the source journals m eight 
subject fields. The subject fields together with the total number of journals cited and 
the total number of citations are listed in Table 1. 



Table 1 





No. 


journals cited 

A 


No. citations 


| 


(1) 


Mathematics 


179 


3348 


'3 

* 

1 . 


(2) 


Physics 


320 


9596 


% 

jf 


(3) 


Chemistry 


275 


10518 


-1 

I 


(4) 


Geology 


490 


2913 


' i 
| 


(5) 


Physiology 


299 


5984 


■ 4 
4 

i 

i 


(6) 


Botany , 


376 


4995 


■ i 

, I 


(7) 


Zoology 


663 


2775 


• 3 
■ \ 


(8) 


Entomology 


350 


2326 


■ s 




TOTAL 


2952 


42455 






The figure of 2925 journals cited includes 


some duplication but the necessary data 


Y | 



is not recorded. However it is known that there were a total of 828 journals cited five ^ | 
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or mpre times and that these figures refer to the 612 distinct titles in the consolidated 
list. It has been assumed in the exercise that there is no overlap in the less cited 
journals i. e. they are classified into one subject heading only. This implies that 2925 - 
828 + 612 = 2736 distinct journals were cited a total of 42455 times. 

The degree of overlap of the 2736 cited journals can be measured by the number 
cited in 1, 2, 3 etc. subject fields. The complete distribution is contained in Table 2. — 



Table 2 



No. subject fields 
1 

• 2 

3 

4 

5 

6 

7 , 

8 



No. journals cited 
2617 
67 
34 
6 
.4 
4 
2 
2 



2736 

hr 1 3 to explain the large part 



The apparent lack of overlap in the basic 
.played by departmental libraries in the ensuing a. 

The basic data for the simulation exercise is the array of numbers listed by Brown 
on pages 143-154 of his book, and the first ten rows of the array are reproduced in 
Table 3 for the purpose of illustration. 

•• * Table 3 ; . ' . * • V. 7T. \ 






Acad. Med. Belg. Bull. 

Acad. Belg. CL Sci. Bull > 12 
Acad. Sci. Paris, C. R. 125 

Acad. Nat. Sci. Philad. , Proc. f V i; 
Acad. Lincei, Mem. 

Acad. Lincei, R. 

Acoust. Soc. Amer. , J. 

Acta chem. scand. ' 441*4 

Acta cry st . , C amb. • 






ms. 



3 : 

'S 














»-4 


Mi 


*-s ■ 


:iV- 


§■ 




| 


■< 


; IT 


m.' 

;k:: U ■ 


o 

<D 

o 




;S ; 


§ 

IS 












1 °: 


• ■ 






10 


' > ‘ 


• ■ S'. 




. • 


.• ' 


- . 


12 


213 


239 


't 16 


: 19 


173 


43 


16 


844 




* 


m " t . 




Q 


8 


* « 


8 


■- * 


• 8 4 






. -• 


- • 


# 


8 


. * 


V ;; ; 






♦ 


• 


♦ 


10 


.16 


•V ' 

- • 








• 




16 




Vf; 212"4 






f v • 


0 ^ * ’• 


. • . 


212 


32 




\S,9 




• 


**; •; V\>; 




55 



ii 









ii 



0 ;t’a Hort. berg. 

in this exercise the aifray represents the quantities r . . with the index i running 

sp-.- ■ ■' : ^ v - Sc 7:^:?: -- 
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over the 612 journals (or more accurately, the 2736 journals). The subject fields re- 
present the departments i. e. k = 1, 2, 3, .. . f 8. 

For the sake of extreme simplicity it has been assumed that the library system mus 

cater for 50 identical universities, each with 8 departments, and with identical demands 

for each of 2736 titles i. e. 
i 

r kl * constant for all 1 



Since the degree of overlap in expected demands is more important to the design of 
an efficient storage system, this simplification is not critical. 

i 

The time period is considered to be one year so that 42455 demands are made in 
one year for 2736 titles at each of 50 Universities. 

Another simplification has been made in defining alternative storage policies for 



the system, namely that the marginal levels of demand are equal at each level of storage 

VV 1CUU O 



XX XXX 

1 . e. r = r .In order to provide a wide range of results the levels that have been 



investigated are 5000, 2000, 1000, 500, 200, 100, 50, 20, 10 and 5 demands per annum. 

Table 4 contains the number of titles stored and the number of requests satisfied 
from each storage level for each of these marginal levels of demand. The results apply 
to each of the 50 universities. ;| 



Table 4 



! . Storage level 

Marginal Departmental University 

level of Titles - Requests ; Titles ^ Requests 

demand 



National 

Titles Requests 



5000 


NIL 


; nil 


NIL 


NIL . 


2736 


42455 


2000 


2 .. 


4444 5606 


NIL 44/ 


3: ; |3;4: NIL 


2736 


36849 


1000 


3 


6762 


NIL .4" 


444/ NIL 334' 


2736 


35693 


500 


'44, , 7 


9876 


4 


3333 3105 343 


2736 


29474 


200 


38 


ypy 18551 . ■ 


444 


3334 294° ; v -: 4 


2736 


20964 


100 


68 


226674 


3 #; 16 


4444.2329 


- : 2736 


17459 


50 


135 


27409 


44’ 30 


42169'. - 


2736 


12877 


20 


308 


32544 


■43 444 


1186 


2736 


8725 


10 


568 


36022 


9 ' 


4 m '» * * : ’• . • * 

34444 : 127. . 


2736 


6306 


5 


dd2 


37834 


'4:3; nil4 ;4 


4444 NIL -V 


2736 


4621 



2.2. Operating costs ^ - • ' 

.*' ‘ ■ "■ ' . 4 '• ; V r . 

: We assume that each demand generates one issue and return and ti 



that the unit cost 



% 

-s 
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of the pair of transactions is 1/- from whatever storage level that the demand is satis- 
fiecL 

In addition a transfer charge is included for all demands satisfied from the national 
level, this covers postage and packing and a handling charge. It is not a fixed unit cost 
since economies of scale are important. A curve has been drawn for which the unit cost 
is 15/- when there are 150, 000 loans per annum, 10/- when there are 460, 000 loans per 
annum, and 5/- when there are more than 2, 000, 000 loans per annum. 

At this stage another simplification has been achieved by assuming that a single 
copy of each journal is sufficient to -provide an adequate standard of service so far as the 
,, immediate n availability of material is concerned. 

These unit costs have been used to derive the following table of operating costs for 



the system as a whole. 



Table 5 



Marginal level 




Costs 


( £ per annum) 




of demand 


Purchase 


Issue 


Transfer 


TOTAL 


5000 


41, 040 


106, 138 


530, 688 


677, 866 


2000 


42, 540 


106, 138 


460, 612 


609, 290 


1000 


43, 290 


106, 138 


446, 162 


595, 590 


500 


49, 290 


106, 138 


386, 846 


542, 274 


200 


77, 040 


106, 138 


327, 562 


510, 740 


100 


104, 040 


106, 138 


290, 983 


501, 161 


50 


164,790 


106, 138 


265, 588 


536, 516 


20 


304, 2,90 


106, 138 


223,578 


634, 006 


10 


473, 79p 


106, 138 


189, 180 


769, 108 


5 


500, 040 


106, 138 


155, 959 


762, 137 



The minimum operating cost is associated with the marginal level of asmand of 100 
which, on referring back to Table 4, is equivalent to a 40% level of loans from the 
national library (i. e. 40% of total loans are satisfied from me nationa library level). In 
fact costs do Tk.c vary greatly over the range 30-50% national library loans. 

2.3. Access times 



So far the only Costs that have been considered are the costs of providing the service. 
"■Rjk / e now go on to consider the costs that are incurred by the user and we begin by defining 

S32SSESES39S3 •.***• .■ ■*« s;/ • k . r .u 4 .-f ^ •, ’ - *■ * . , ■ •, 
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average times of access. These times are associated with the time it takes to obtain a 
book or a journal after the need for it. has been recognised. 



JDimes assumed are: - 
0. 1 hours from a departmental library 
0. 5 hours from a University library 
12 hours from a national library 
(this last estimate represents 1^ working days). 

The overall average access times for the total number of demands are calculated 
from the results listed in Table 4 to be: 



Table 6 



Marginal level 
of demand 
5000 
2000 
1000 
500 
200 
100 
50 
20 
10 
5 



Overall average 
access times (hours) 



T otaiL annual 
operating costs (£) 



12 

10.4,:' 

10. 0 

8.4 
6.0 
5.0 
3.7 
2. 5 
1.9 

1.4 



6 * f* 866 

6G9, 290 
595 , 590 
5*32, 274 
510, 740 
SHU- 461 
536, 516 
634 * 006 
7*9, 108 
TmZ, 137 



2. 4„ User costs- 



At this stage we have attempted to cost users time in money terms sottean over- 
all assessment of different storage policies can be made. However, because of the 
difficulties An estimating such costs it has been necessary to propose a num&sr of alter- 



native cofctir , ts and examine the consequences of these. The costs that were selected 
are:- 

40/- r r hour 
4/- per hour 

(additional unit costs are considered In a later section of this report) 



ERIC In order not to penalise the national, library unfairly, the access tim^a>ir costing 

i ■ ' ' " v - • • 
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purposes was reduced to 1 hour (i. e. two visits to the University Library) since it is 
reasonable to assume that the remainder of the 12 hours wait would be used profitably. 

The total access times for all demands from each university based on this revised 
figure, the annual user cost, the annual operating cost and the grant total cost are listed 
* in Tables 7 and 8 for unit user costs of 40/- per hour and 4/- per hour respectively. 

T able 7 

User cost 40/- per hour 



Marginal level 


Total access^ 


Costs ( £ per annum) 




of demand 


time (hours) 






grand 




each univ. 


user 




operating 


total 


5000 $ 


42, 455 


4, 245, 


500 


677, 866 


4, 923, 366 


2000 


37, 409. 6 


3, 740, 960 


609, 290 


4, 350, 250 


1000 


36, 369.2 


3, 636, 920 


595, 590 


4, 232, 510 


500 


32, 014. 1 


3, 201, 


410 


542, 274 


3, 743, 684 


200 


24, 289. 1 


2, 428, 


910 


510, 740 


2, 939, 650 


100 


20, 890.2 


2, 089, 


020 


501, 161 


2, 590, 181 


50 


16, 702.4 


1, 670, 


240 


536, 516 


2, 206, 756 


20 


12, 572.4 


1, 257, 


240 


634, 006 


1, 891, 246 


10 


9, 971.7 


997, 


170 


769, 108 


1, 766, 278 


5 


8, 404. 4 


840, 


440 


762, 137 


1, 602, 577 X 






Table 8 . 








User cost 4/- 


per hour 




j6rx3l3Qoc(c>[ibqxDaxxixixixioi)^ 




Marginal level 


. • •h'V; , V .... • 




Costs ( £ per annum) 




of demand 




User :/• 




Operating 


Grand total 


5000 




424, 550,y;V;^:r 




677,866 


1, 102, 416 


20530 




374, 096 y^S'-r-y:: 




609, 290 > . 


983, 386 


USE® 




363, 692 


>;■ -v 


595, 590 


959, 282 


5D0 '• 




320, 141 0100- 




542, 274 


862,415 


2D0 




242, 891 : 




510, 740 


753, 631 


ICO 




208, 902;v?V^/.; 




501, 161 


710, 063 


50, ^ 


■,v ; 


167, 024;^;^ 




536, 516 


703, 540 ; X 


20 ' 




125, 724 ^||?J: 




634, 006 


759,730 


0 io \ -B- . 




^:"'-99 ; ; ■ 7 1 


; 


769, 108 


868, 825 



•-.V'-v/V# •ZjvVViVv 

84, 044 V 



762, 137 



846, 181 



The effect of including user costs is to reduce the part played by the national library. 

If the user cost is 4/- per hour then about 30% of loans should he satisfied from toe 
national level, but if it is 40 /- per hour then less then 10% of loans should be satisfied 

from this level. 

3. EXTENSIONS OF THE MODEL 
3, 1. Elasticity of Demand 

One feature that lias beer- excluded concerns the reduction in demand wnu-'~ oc-.u_.rs 
when material is not readily accessible. Eor example, an ■. -nc.no. I ..n.. c-.-io h - ^ ' 

partmental library facilities will think twice about visiting the Uni/eauity )c.r<u.ji ob-c-m 
a book or a journal. 

It is quite easy to introduce a factor for this elasticity in demand lot tuch storage : 

level which would have the effect of reducing the summed residual demands to he catered 
for at higher storage levels. It would also be possible to conclude a total cost analysis of ■ 
alternative storage policies provided that the "lost” information could be valued m money j 
terms. 

4. CONCLUSIONS 

- ^ 

The intention of this report has been to describe a simple model of a kieiarctucal j 

library system which can be used as a basis for further discussion. j 

It is stressed that, the results which have been, obtained are fictitious because accuravC 
data is not available at the present time to permit a genuine enquiry into storage policies ] 
The example has only served to highlight those areas in which data is needed before a j 

i 

proper study can be undertaken, j 

The most pressing requirement is for the development of techniques to measure the J 
.-expected demands for books and journals, it is possible that the only way to treat nooks 
is to consider them as small collections in w/hich they lose their indi /id aa.’. id~i »-ie._ , the 
' size of the collections would be very dependent on the amount of detail introduced mto 

subject classification. Even so it. is likely that expected demands would have to be generated 
from a small amount of data about overlap in subject fields. Such information VvLl not be- 
come readily available until library records are handled b- computers. 

It is also possible that, as in the example contained ±u this report, persona- libraries 
' should be ignored since they require too much information about the demands of individuals, j 
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Discussion 



There was a discussion on the relative merits of the two formulations of the 
Bradford distribution as derived by Professor Leimkuhler and Mr. Brookes: 

R(n) = R log (1+an-a) Leimkuhler (1) 

R(n) - K log n ; Brookes (2) 

where R(n) is the cumulated number of references in the first n journals, 
ranked in decreasing order of productivity, K, R and a are constants. 



Mr. Dammers said that although Professor Leimkuhler l s formula would appear 
to be more accurate, Mr. Brookes 1 version was operationally more useful in libraries. 

When asked if he had investigated computer storage, Mr. Woodburn replied 
that he had not, and that the main difficulty of his model was that it relied on data 
which would never be available. He thought that the model should be regarded as 
a guide to visualising an hierarchical library system, with libraries higher up in 
the system dealing with a residual demand. 

Mr. Fairtfaome, comparing multi-level access and linear access, said that 
the former was always quicker than the latter, provided the store was large enough, 
because the linear access time was proportional to the size of the collection. Mr. 
Mackenzie remarked that speed was not always directly related to cost. Mr. 

Dammers said that in the computer field the access time tended to be approximately 
inversely proportional to the cost of storage. Mr. Buckland pointed out that there 
were differences between computer access and access to libraries: in linear access 
to computers the whole tape was searched, but in linear access to libraries there 
was a human element to be considered. Thus if a reader searched for an item in a 
departmental library and found that it was not there he would go on to search in the 
university library; however when he wanted the same it^m again lie >uld remember 
that it was not in the departmental library, and he would go straight to the university 
library. Another factor was that he might stop searching at the departmental library 
level and not go on to the next stage, so that a cost would have been incurred with- 
out any resulting benefit. 



Professor Leimkuhler was asked if in his model he had established a relation- 
ship between the- cost of ordering an item and the cost to the user if the item was not 
ordered; he replied that it had not been possible to incorporate this in his model. 

Mr. Fulford asked if the figures for the space saved by shelving books in dif- 
ferent ssequences, with each sequence depending on the height of the books, could 
be applied to any library. Professor Leimkuhler replied that: his model had a 
general application, and he gave some figures showing the percentage increase in 
storage capacity gained by dividing the books into various sequences. The per- 
centage increase gained by division into 2, 3, 4, 5 ... 10 sequences was 38%, 47% 

51%, 53% ... 58% respectively. He pointed out that most libraries have an over- 
size sequence, which is a division into two sequences, with a corresponding increase 
in capacity of 38%. Mr. Mackenzie observed that it was difficult enough to educate 
readers to use only two sequences, and that more would merely add to their confusion. 



Mr* Mackenzie said that when planning a library it was important to take into 
pnTpnmt the future developments in technology. LLa building was going to stay up for 
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100 years great flexibility was needed so that it could be adapted to meet the 
changes in technology during that period. Mr. Brookes suggested that perhaps 

libraries should be built to last for a much shorter time, e.g. 20 years, and 

then pulled down for a new one to be built. Dr. Thompson said that construction 
techniques were so far unable to produce such a building at an economic price; Mr 
Longworth added that Lancashire had tried building temporary libraries 20 years 
ago and they were not much cheaper than conventional ones. Dr. Urquhart said 
that the administration tended to become fossilized as well as the building, and 
this might represent a larger cost than the physical limitations imposed by the 
building. Mr. Fairthome said that every administration had to adapt itself to the 
geography of the building which it was in. 
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1. INTRODUCTION 



Every library has a loan policy, even if that policy is that no books may 
be borrowed. Libraries which do lend have widely varying loan periods from 
two hours to a year or more. Most libraries, especially university libraries, 
operate a number of loan policies simultaneously based on a variety of factors 
including the type of document, its value, its popularity and the status of the 
borrower. For example, in the University of Sussex there are five loan 
periods: 

i. Some material is confined to the library; 

ii. Some material is placed in a closed -access 1 Short Loan 1 collection 
and may be borrowed for up to four hours or overnight; 

iii. Some material may be borrowed for up to two days; 

iv. Undergraduates may borrow the remaining material for two weeks; 

v. Postgraduates and teaching staff may borrow remaining materials 
until the end of term. 

Likewise, there is much variation in the regulations concerning renewals, 
reservations and recalls, in the maximum number of books that may be on loan 
to any one borrower at any one time and in the sanctions imposed upon borrowers 
who break the regulations. These variations exist between libraries and often 
within libraries. 

Not only is there wide variation, but changes are frequently made. In 
view of wide variation and the central importance of loan policies to the user, 
the problem of choicing loan policies has been curiously neglected in the pro- 
fessional literature - except for rather limited discussions of the Conflict 
between reference and lending 1 . 

2. THE FACTORS INVOLVED 



The main purpose of a library is to make books (and other documents) 
available for the clientele it serves. Unfortunately 'availability 1 is a rather 
complex concept and considerations of economy and of the convenience of the 
user lead to a tangle of conflicting objectives. These can conveniently be ex- 
amined by considering the various aspects of a library^ loan policy. 

2.1. LOAN PERIOD 

The longer the loan period the more convenient it is for the borrower to 
use the book at leisure. However, the longer the time a book stays out on loan, 
the longer it is off the shelf and, thereby, less immediately available for other 
library users. There is a clear conflict here between the convenience of the 
individual borrower and the convenience of other library users who might wish 
to use the book. The chances that another reader will in fact wish to use the 
book when it is out will depend upon the level of demand for the book. It would 
obviously cause inconvenience if a book sought daily were to go out on loan for 
weeks at a time. On the other hand, if a book is rarely used (once a decade, 
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say) then .the chances of another user wanting it are small and a longer loan period 
can be permitted. Not only do books vary greatly in popularity, but the popu- 
larity of individual books is liable to fluctuate, although a general tendency for it 
to decline with time is well established* 

2. 2. RENEWAL OF LOAN 



If a reader wishes to retain a book on loan after the expiration of the official 
loan period, then it is normal practice to permit one, two or even unlimited re- 
newals unless another reader has made a reservation for that particular book. 

The frequency of renewal is important because it is the time that a book is absent 
from the shelves (’immediate availability 1 ) which matters rather than the official 
loan period, 

2. 3;* RESERVATION AND RECALL 

If a book is not on the shelf it can still be made available by means of a 
reservation and, if appropriate, recalling it from the reader who has it. To 
the extent to which this is an acceptable substitute for availability on the shelf, 
this arrangement reduces the importance of 2 immediate availability 1 and there- 
by permits longer loan periods and less duplication. 

Acceptability apart, this procedure of reservation is clearly unsuitable 
for those who are not seeking a specific title but are browsing perhaps purpose- 
fully for information on a specific topic or less purposefully for inspiration or 
amusement. If such a reader is browsing along the shelves, then it is clearly 
important that material should be on the shelves, else the reader will remain 
unaware of its existence and the provision of a mechanism for reservation and 
recall will be irrelevant. If such a reader browses in a catalogue or biblio- 
graphy, then he will presumably identify particular items which he desires to 
inspect and his search becomes specific. In this case reservation and recall 
facilities become meaningful, but inspection of catalogue entries is less in- 
formative than inspection of the actual document. 

2. 4. DUPLICATION 



So far we have been concerned with the case of there being a single copy 
of each different book and the effect of loan policies on the convenience of the 
users with respect to that book. Obviously, there is no need to enforce a short 
loan period to induce borrowers to return a book for the benefit of others if 
other copies are in fact available for them. In this manner, shortening of the 
loan period and duplication are alternative methods of increasing the availa- 
bility of books in libraries. It must be stressed, however, that these alter- 
natives differ in some important respects. The acquisition, processing, and 
storage of each additional copy of a book costs money and labour which could 
well be put to father uses, such as another different book or any other library 
service, and to this extent duplication is undesirable. The shortening of the 
loan period and the restricting of renewals, however, are likely to cause 
additional inconvenience to the borrower and to this extent are undesirable. 
Furthermore, the shortening of loan periods is likely to involve additional ad~ 
ministrative expenditure* 
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2. 5. ADMINISTRATION 

Apart from considerations of availability and the cost of duplication, the 
cost of administering a loan policy must also be considered. A short loan 
period might be expected to result in a larger number of renewals. A low level 
of immediate availability (whether by long loan periods or limitation of dup- 
lication) is likely to be associated with larger number of reservations and re- 
calls. A policy decision to maintain a borrowers file either as a service to 
readers or as a means of enforcing a limitation on borrowing will also involve 
additional expenditure. 

A recent trend in British university libraries towards an "until the end of 
term” type of loan period seems to have been at least partly the result of a 
desire to economise on service desk staff by avoiding the necessity for a file 
arranged by date and reducing the number of renewals. 

In addition, distinctions between borrowers and especially between books 
(e. g. when the more popular books are treated differently from less popular 
books) are likely to involve extra administrative expense. 

However, although the loan policies will affect the number of transactions 
of various kinds, the unit costs will depend very much on the details of the issue 
system employed, which is outside the scope of this paper. 

2.6. STATUS OF BORROWER 

In some libraries the loan policies give privileged rights to some users - 
not just in exceptional circumstances, but as a normal practice. In university 
libraries, for example, teaching staff are almost invariably subject to a longer 
loan period and a higher limitation on the number of books allowed out at any 
given time. One explanation of this, is that books used by students are in 
heavy demand and that, therefore, a shorter period of loan is more appropriate. 
Another explanation is that teaching staff are more important. 

2.7. FINES 

The principal method of enforcing loan policies is the charging of fines 
which also vary considerably from library to library. The assumption is that 
fines are necessary to ensure compliance with regulations. Unfortunately, the 
relationship between fines and borrower behaviour has not, to our knowledge, 
been subject to serious investigation and henc* this assumption must remain 
doubtful. 

2. 8. SUMMARY 

: It will be clear from the preceding sections that wide variations in loan 
and duplication policies reflect complicated relationships involving a number of 
conflicting objectives. Any rational loan policy must be a considered comprom- 
ise. 

During the University of Lancaster Library’s recent research into the 




